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PREFACE 



In placing this book before the engineering public, the 
author, who obtained much of the information herein pre- 
sented while employed as Assistant Engineer in the office 
of the New York Central Railroad Company, wishes to give 
due acknowledgment for valuable aid rendered to the firms 
and individuals named below: 

The Fuller-Lehigh Car Wheel and The Raymond Bros. Impact Pul- 

Axle Company verizer Company 

The Bonnot Company The American Locomotive Co. 

The Ruggles-Coles Company The Jeffrey Mfg. Company 

The General Electric Company The Aero Pulverizer Company 

The Webster Mfg. Company The Link Belt Company 

Prof. R. C. Carpenter Mr. H. Bamhurst 

Mr. A. A. Holbeck Mr. James Lord 

Mr. J. H. Van Buskirk 

Various patents, designs, and systems are here described, 
but the author wishes to emphasize the fact that compari- 
sons have been made without bias and claims considered 
w^ithout prejudice. The underlying object has been not 
to advertise the advantages of any one system, but to show 
the merits of all. 

C. F. H. 

October, 1917. 
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CHAPTER I 

POWDERED COAL— INTRODUCTORY 

Coal is the staple fuel of the metal-working industries 
because of its wide distribution and fairly stable price. 
It may be secured from several sources by almost every con- 
sumer and the coal industry is so widely controlled as to 
lead, generally, to favorable prices. 

Powdered coal must compete with raw coal, fuel oil, 
and industrial gas. The elementary factor in such competi- 
tion is the B.t.u. cost. If a gallon of oil containing 140,000 
B.t.u. costs five cents, then the B.t.u. derived when one 
cent is spent for fuel oil will be 28,000. If powdered coal 
containing 14,000 B.t.u. per poimd can be purchased for 
one-half cent per pound or ten dollars a ton, then there are 
28,000 B.t.u. obtained for each cent expended to buy coal. 
The two fuels are then on a parity so far as B.t.u. cost 
goes, but any final analysis must consider also the compara- 
tive efficiencies in the furnace of the two fuels. If a cent's 
worth of coal will go farther; that is, last longer, or pro- 
duce more, in a given furnace than a cent's worth of oil 
(even though both are represented by the same number of 
B.t.u.), then the coal is to be preferred. 

Fuel oil fluctuates sharply in price and tends to become 
more expensive as demand increases. Hie same state- 
ment is true of natural gas. It is not true 1 like 
the same extent for coal. Raw ooal ^ I 
with powdered coal with respect 
With proper appliances and s 
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almost smokeless fire with a steady, intense heat and maxi- 
mimi furnace temperature. 

It is true that the number of powdered coal plants is 
still small. Some of them have been in service for ten to 
fifteen years and these have fully demonstrated the feasibility 
and eflSciency of a powdered coal installation. Fully 90 
per cent of the Portland cement made in the United States 
is burned in kilns in which powdered coal is the fuel. The 
change from other fuels to powdered coal does not involve 
expensive furnace reconstruction. Any furnace adapted 
for fuel oil or gas miay with slight changes be utilized for 
powdered coal. 

The fuel to be used for pulverizing should be bituminous 
or semi-bituminous, either the slack or the run-of-mine. 
Goals rich in volatile matter are to be preferred. An ad- 
vantage of slack over run-of-mine is that with the former 
no prelmimary crushing is necessary. The following anal- 
ysis represents a dried coal that has been found to give good 
results: 

Per Cent 

Fixed carbon 54 .00 

Volatile matter 32.75 

Ash 12.00 

Moisture 1 . 25 

GENERAL OPERATION OF POWDERED COAL PLANT 

If not already in fine particles, the coal as received is 
crushed so as to pass through a f-in. ring. It is then dried 
in a direct-heat contact drier. The cost of the drying is 
appreciable, but this operation is absolutely necessary 
in order to permit of gool pulverizing. Usually the per- 
centage of moisture is reduced to about 1.0. The expendi- 
ture of heat for the drying operation is not a net loss since 
no fuel of any kind ever bums in a furnace imtil the moisture 
contained therein has been evaporated. 

Following the drying, the coal is pulverized in some one 
of the various types of grinder or mill, described in later 
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chapters. It is made so fine that about 85 per cent will pass 
through a 200-mesh screen and about 95 per cent through a 
100-mesh screen. A separating device is usually integral 
with the pulverizer. This carries oflf the finer particles 
while returning the grosser for regrinding. 

The finely ground coal is now carried to bins from which 
it is fed to tiie furnace as required. The furnace construc- 
tion and operation must be such that the lining remains 
continuously hot; which implies a steady, uniform feeding 
of the coal. This feeding must be imder positive control, 
along with which must go a positive control of the air supply. 
The fire is started by Ughting a piece of oily waste, placing 
it before the burner and turning on the coal. As is the case 
with fuel oil, the combustion is not very eflBcient until after 
the furnace is warmed up. 

COMPARISON OF COSTS, FUEL OIL, WATER GAS AND PULVER- 
IZED COAL 

The following approximate figures are intended to show 
imder the assumed conditions the relative costs for instal- 
lation and operation of the three kinds of equipment named. 
It is assumed that there are 45 furnaces and that the heat 
consumption is 9,100,000,000 B.t.u. per month. 

The assumed heat consumption is equivalent to 65,000 
gallons of oil of 140,000 B.t.u. per gallon or to 650,000 
pounds of coal at 14,000 B.t.u. per poimd. For the gas 
plant it will be assumed that each cubic foot of gas contains 
474 B.t.u. and that 20 cu.ft. of gas are produced per poimd 
of coal. Then the coal consumption per month for making 
the gas is 9,100,000,00-^(20x474) =960,000 lb. 

This corresponds with a gas-making efficiency of 0.68, 
which of course cannot be realized when only water gas is 
made. If, however, both producer gas and water gas are 
furnished from the same plant, the combined efficiency 
may be as high as that assumed. The producer gas will 
then be used for low-temperature work and the water gas 
in furnaces requiring high temperature. 
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1. Fvd Otif First Cod of Plant 

Three 10,(XXV«aI. storage tanks at $850 S2,550.00 

Unloading, excavation, and setting tanks 900.00 

Two auxiliary pressure tanks in place 2,000.00 

One circulating pump and motor 150.00 

Piping, fittings and valves 5,000.00 

Steam and air connections to tanks 1,500.00 

Connections to furnaces, 45 at $50 2,250.00 

Standpipes for tank cars 150.00 

Pump and pump house 500.00 

Blowers, motor and blast connections 5,000.00 

Total $20,000.00 

Contractor's profit, 15 per cent 3,000.00 

$23,000.00 

Engineering and contingencies — 10 per cent 2,300.00 



$25,300.00 



2. Water Gas, First Cost of Plant 



Gas plant machinery erected in place $45,000.00 

Building, complete with foundations 20,000.00 

Coal trestle, hoppers with siding 6,500.00 

(Jas piping, meters, valves, water piping 12,500.00 

Changes in furnaces 4,000.00 

Total $88,000.00 

Contmctor 8 profit, 15 per cent 13,000.00 

$101,000.00 
lOngineoring and contingencies, 10 per cent 10,000.00 

$111,000.00 

With n>|car(l to the jwwdered coal plant, two types of 
appariitUH will Im> coimidored. The first is that in which 
Hon^w (M)iiV(\vor appamtiis is U8i>d for distributing the coal, 
with iiuliviilual biiiH, (Hmtrols and feeders at each furnace. 
AiiotluT type of pUuit (see Chaptw IV) is that in which the 
(M)al (hint Ih oarritHl to the various furnaces by means of low- 
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3. Powdered Coai, Screw Comxyor Plant, First Coat 

Pulveruing machinery (12,000.00 

JSuildings and foundations 6,000.00 

Machinery foundatioiia 2,000.00 

Coal trwtle aiid track siding 6,500.00 

Conveyor sj'stem to the Jurnaces 11,500.00 

"Walkways aod conveyor supports 6,000.00 

Motors and wiring for conveyors. 8,000.00 

Burners and controllers (or 45 furnaces at $250 11,250.00 

Furnace changes, stacks 4,250.00 

Furnace bins, 45 at $100 4,500.00 

Hoods and exhaust ^'stem complete 6,000.00 

Stack thimbles throu(^ roof 1,000.00 

Total $79,000.00 

Contractor's profit, 15 per cent 12,000.00 

$91,000.00 
Engineering and contingencies, 10 percent 9,000.00 

$100,000.00 

4. Air Distributing System, Powdered Coal, First Cost 

Pulverizii^ Machinery- $12,000.00 

Buildings and foundatioas 6,000,00 

Machinery foundations 2,000.00 

Coal trestle, etc 6,500.00 

Spiral rivet«d pipe, fittings and valves 8,500.00 

Furnace changes 2,500.00 

Blowers, motors and wiring 8,000.00 

Hoods and exhaust system complete 6,000.00 

Total $61,500 .00 

Contractor's profit, 15 per cent 7,725.00 

$59,225.00 
FngmftprJTig and contingwicies, 10 per cent 5,925.00 

$65,150.00 

pressure air which conveys it in suspension from a central 
storage bin (Holbeck system). 
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Against these installation costs for the four types of plant, 
we now tabulate the annual operating costs, including fixed 
or overhead charges : 

Operating Cost of Fuel Oil Plant 

Fixed Charges: 

Interest, 5 per cent of $25,300 $1,265.00 

Depreciation, 10 per cent 2,530.00 

Taxes and insurance, 1 per cent 253.00 $4,048.00 

Operation: 

Oil, 780,000 gal. at 4.6 cents per gallon .... $35,880 . 00 

Labor, two men 2,000.00 

Electrical current, air and steam 720.00 

Repairs, 2 per cent of the cost 500.00 $39,100.00 

$43,148.00 

Operating Cost of Water Gas Plant 

Fixed Charges: 

Interest at 5 per cent of $11 1,000 $5,550.00 

Depreciation at 10 per cent 11,100.00 

Taxes and insurance, 1 per cent 1,100.00 $17,750.00 

Operation: 

Ck)al, 5760 tons at $2.50 $14,400.00 

Labor, 1 operator and two assistants 2,800.00 

Unloading coal at $1.50 per car 200.00 

Cleaning generators 200.00 

Water 200.00 

Steam 200.00 

Repairs, 2 per cent, of $111,000 2,200 . 00 $20,200 . 00 

$37,950.00 

Operating Cost of Powdered Coal Plant with Screw Conveyors 

Fixed Charges: 

Interest, 5 per cent, of $100,000 $5,000.00 

Depreciation, 10 per cent 10,000.00 

Taxes and insurance, 1 per cent 1,000.00 $16,000.00 
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Operation: 

Coal, 3900 tons at $2.50 19,750.00 

Labor, 1 operator and two assistants 2,800.00 

Unloading coal at $1.50 per car 100.00 

Electrical current for motors 3,000.00 

Repairs, 2 per cent of cost 2,000.00 $17,650.00 



$33,650.00 
OperaHng Cost of Powdered Coal Plant with Pneumatic Distribtding System 

Fixed Charges: 

Interest at 5 per cent of $65,150 $3,257.50 

Depreciation at 10 per cent 6,515.00 

Taxes and insurance 651 .00 $10,423.50 

Operation: 

CosA, 3900 tons at $2.50 $9,750.00 

Labor, 1 operator and two assistants 2,800.00 

Unloading coal at $1.50 per car 100.00 

Electrical current for motors 1,500.00 

Repairs, 2 per cent of cost 1,140.00 $15,290.00 



$25,713.50 



SUMMARY 



Fuel oil plant 

Water gas plant 

Powdered coal plant (screw conveyor).. 
Powdered coal plant (pneumatic) 



First Coat. 



$25,300.00 

111,000.00 

100,000.00 

65,150.00 



Yearly Operation. 



$43,148.00 
37,950.00 
33,650.00 
25,713.50 



More briefly still, we have the following: 



Operatine Cost 

per Ton of Coal 

Burned. 



Fuel oil 

Water gas 

Powdered coal (screw conveyor) 
Powdered coal (pneumatic) 




B.t.u. Delivered to 
Furnace per 1 Cent 
of Operating Coat. 



25,300 
28,700 
32,6P' 



CHAPTER II 

COALS SUITABLE FOR POWDERINO 

Powdered coal weighs 38 to 45 lb. per cubic foot, 
although the solid particles have a specific gravity between 
1.3 and 1.35. The free surface of a pile at rest makes an 
angle of 34 to 38 degrees with the vertical, if dry. These 
properties do not vary much with the grade of coal. 

EXPERIENCE WITH VARIOUS GRADES OF COAL 

The impression has prevailed until recently that only 
bitiuninous coals were suitable for powdering. 

Bituminous, or soft coal, differs from anthracite in its 
greater proportion of volatile content. The greater the 
percentage of volatile constituents in coal, the more readily 
will it deflagrate. These volatile gases distill from the fuel 
and ignite at a temperature much lower than that required 
for carbon itself. To burn them requires a greater relative 
supply of oxygen than that necessary for carbon. Their 
average heat value is nearly 50 per cent greater than that of 
carbon. 

The fuels available for burning in Portland cement kilns 
may have a wide range of quality. The best bituminous 
coals are preferable, but those of poor quality are occasion- 
ally found in successful use. The fuels used in the Eastern 
portions of the country' are generally obtained from the soft 
coal mines of Pennsylvania and Maryland, Virginia and 
West Virginia. The coals employed in mills in the West 
are those most accessible from the plant and cheapest in 
price on the heat unit basis. 

The effort to use low-grade coal has been at once one of 
the most attractive and elusive features of powdered coal 

8 
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firing. Unsuitable coal, while not always the ultimate cause 
of failure, has often been the inunediate cause for the dis- 
continuance of experiments. While it is possible to biun 
inferior grades of coal in powdered form, there are often so 
many complications introduced as to overcome any economy. 
The idea of using up the extensive anthracite culm piles 
may have to be abandoned. The particular diflBculty with 
low-grade coals is in the disposal of the slag. Average slag 
moves very sluggishly at a temperature of 2500° F., and prac- 
tically all slag sohdifies at 1800° or above. 

As a single example of the eflfect of low-grade coal, Mr. 
W. A. Evans, in a discussion before the Western Engineers' 
Society, quotes his experience with a malleable iron anneal- 
ing furnace. " Coal containing about 4 per cent of ash 
was being used with very satisfactory results. Exact 
control of the heat was possible throughout the annealing 
process. A very small amoimt of slag was deposited in the 
combustion chamber on a bed of cinders, and this was easily 
removed every twenty-four hours. One of the oflBcers of 
the company compared the appearance of the fine powder 
with that from a cheap slack coal that could be bought 
for about half what the good coal was costing, and he insisted 
upon the use of the cheaper coal. It did not take long to 
demonstrate the imavailability of the substitute. Slag 
deposited rapidly in the combustion chamber and frequent 
opening of the furnace front was made necessary in the effort 
to remove it. The result was that the furnace would cool 
down. The saving in cost of fuel was soon overcome by 
complications and ruined castings." 

It is desirable to use the very best coal obtainable, when 
working out a new problem. The trial of cheaper coal can 
be undertaken when other details have been perfected. 

EXPERIMENTS 

In the Engineering and Mining Joiunal of 1876, Chief 
Engineer B. F. Isherwood, U.S.N., described a test made by 
naval engineers under his direction in 1867 and 1868 at 
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South Boston, Mass., with both anthracite and semi- 
bituminous coals, in commercial and powdered forms. The 
highest rate of combustion attained was 13.8 lb. per square 
foot of grate per hour for the anthracite and 14.9 lb. for the 
bituminous, referring all coal, powdered as well as solid, 
to the grate area. Mr. Isherwood's conclusions were that, 
including the cost of pulverizing, the anthracite did a great 
deal better and the semi-bituminous a httle better, when 
burned upon the grate in the ordinary way, than when burned 
in the powdered condition. 

The powdered coal used under a Bettingdon boiler which 
gave an efficiency, under test, of 82.6 per cent, contained 
2.15 per cent of moisture, 22.8 per cent of volatile matter, 
57.55 per cent of fixed carbon and 17.5 per cent of ash. A 
number of these boilers (see Chapter VIII) are in use in 
South Africa, Great Britain and Canada. 

For metallurgical furnaces, the practice of the American 
Iron and Steel Co. of Lebanon, Penn., indicates that the 
volatile content should be not less than 30 per cent. A 
typical coal used by them analyzed 1.12 per cent moisture, 
33.2 per cent volatile, 56.07 per cent fixed carbon and 9.61 
per cent ash. The American Locomotive Co., at Schenec- 
tady, N. Y., uses in its drop forge furnaces a coal high in 
volatile matter, low in ash, and dried imtil it contains 
not over § of 1 per cent of moisture. In a reverberatory 
furnace, the Canadian Copper Co. employs a good quality 
of slack. Analysis of one lot showed: volatile matter, 
34.70; fixed carbon, 55.40; ash, 9.45; sulphur, 1.30; mois- 
ture, 4.31 per cent. This coal has a thermal value of about 
13,500 B.t.u. per pound. 

One of the most severe tests yet made was with a semi- 
bitiuninous coal from Brazil, analyzing as pulverized: 

Per Cent. 

Moisture from 2- 8 

Volatile from 14-28 

Fixed carbon from 58-34 

Ash from 26-30 
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The sulphur averaged from 3 per cent to 9 per cent and 
the B.t.u. from 10,900 to 8,800. No difficulty whatever 
was experienced, according to Mr. J. E. Muhlfeld, in main- 
taining maximmn boiler pressure when working a loco- 
motive with this fuel under the most severe operating 
conditions. The ash and sulphur contents in this instance 
are strikingly abnormal and adverse to good operation. A 
more usual coal for locomotive practice is mentioned by Mr. 
Muhlfeld as having been employed on an Atlantic type 
passenger locomotive. This was a Kentucky unwashed 
screenings testing 2.46 per cent moisture, 36.00 per cent 
volatile, 54.00 per cent fixed carbon, 0.78 per cent sulphur 
and 7.94 per cent ash. It contained 13,964 B.t.u. per pound. 

In Muhlfeld's experiments on locomotives, described 
in the Journal of the American Society of Mechanical 
Engineers for December, 1916, mixtures ranging down 
from 75 per cent run-of-mine bitmninous and 25 per cent 
anthracite birdseye (over A in. and through A in.) to 
40 per cent of the former with 60 per cent of anthracite 
culm, were burned with equally satisfactory results. The 
average composition of the coals referred to is shown in 
the following table: 



Item. 



PULVBKIXSD. 



Bituminous 
Run-of-Mine. 



Moisture, per cent 

Volatile, per cent 

Fixed carbon per cent 

Ash, per cent 

Sulphur, per cent 

B.t.u. per pound 

Fineness, per cent through 200-mesh . 



0.50 
29.50 
60.00 
10.00 

1.50 
13,750 
86.00 



Anthracite. 



Birdseye. 



0.50 

7.50 

77.00 

15.00 

1.00 

12,750 

86.00 



Culm. 



1.00 

6.00 
71.00 
22.00 

2.50 
11,250 



Satisfactory results are also reported 
lignite having an analysis of: moistu: 
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volatile, 47.0 per cent; fixed carbon, 41.0 per cent; sul- 
phur, 0.75 per cent; ash, 9.5 per cent; with a heat value of 
10,900 B.t.u. per lb. 

Mr. Muhlfeld claims that the use of powdered anthra- 
cite culm will double the steam-generating capacity of 
stationary boilers now burning birdseye anthracite, hand- 
fired on grates; and at the same time eliminate fire cleaning, 
greatly decrease the amount of ash to be handled, and 
reduce the boiler-plant-labor cost about 40 per cent. He has 
employed birdseye containing 7 to 9 per cent volatile and 
19 to 22 per cent ash, and culm containing 6 to 10 per cent 
volatile and 22 to 46 per cent ash, in tests on a 463 horse- 
power Stirling water-tube boiler, with the following results: 



Test No. 

Duration, hours 

Horsepower rating 

Horsepower developed, % 
Fuel: 

Kind 

Dryness, per cent 

Fineness, per cent 

through 200-mesh . . . 

Evaporation, from and 

at 212'* F., lb 

COi, average per cent . . 
Vacuum in breeching 
uptake, in. of water. . 
Vacuum in combustion 
chamber, in. of water 
Boiler pressure, average 

lb 

Flue-gas temperature, 
deg. F., average 



1 


2 


3 


4 


5 


6 


72 


336 


24 


48 


120 


240 


463 


463 


463 


463 


463 


463 


133 


135 


147 


178 


112 


118 


Anth. 


Anth. 


Anth. 


Anth. 


Anth. 


Anth. 


B'cye 


B'eye 


B'eyc 


B'eye 


Culm 


Cuhn 


0.65 


0.65 


0.65 


0.65 


0.8 


0.8 


86.0 


86.0 


85.0 


86.0 


88.0 


86.0 


8.7 


8.9 


9.6 


9.8 


7.8 


8.1 


16.6 


16.3 


15.9 


16.6 


1.62 


16.5 


0.25 


0.23 


0.22 


0.23 


0.27 


0.28 


0.16 


0.14 


0.13 


0.16 


0.17 


0.19 


140 


142 


141 


140 


143 


144 


518 


525 


496 


603 


475 


580 



24 
463 
124 

Anth. 

Cuhn 

0.8 

88.0 

8.5 
16.7 



0.27 
0.15 



145 



576 



SUMMARY 



Most of the experience hitherto obtained has been on high 
grade, highly volatile, soft coals, and efforts to bum inferior 
grades have often led to disappointment. It is in recent 
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practice, and in the hand of only a few investigators, that 
good results have been obtained from inferior soft coals and 
from anthracite. All of the most recent developments for 
steam generation have been made with anthracite culm, 
at one time definitely abandoned as a suitable fuel for 
powdering. Powdered coal, like ordinary commercial coal, 
should be practically free from sulphur, for all but the most 
exceptional applications. 

THE ASH QUESTION 

The presence of inert impurities in the fuel has not 
much effect. Only combustibles will bum; the combus- 
tibles, if inert, do not necessarily aflfect the operation of the 
furnace. Their effect is in the reduced amount of useful 
work obtained from a dollar's worth of fuel. Coal has been 
burned which contained up to 52 per cent of ash. Good 
performance depends not so much on the per cent of ash 
or the heat value of the fuel as upon dryness, fine grinding, 
a hot fire box and proper air supply. One authority goes 
even so far as to say that any solid fuel that, in a dry pul- 
verized form, has two-thirds of its content combustible, is 
suitable for steam-generating purposes. '' Domestic and 
steam sizes and qualities of anthracite, bitmninous, and semi- 
bituminous coals, and lignite and peat, as well as the inferior 
grades such as anthracite culm, dust and slush, and bitu- 
minous and lignite slack, screenings and dust, are all suitable 
for burning in pulverized form." 

But while the absolute amount of ash in coal may have 
only minor influence on its suitabihty for use when pow- 
dered, the quality of the ash is all-important. 

With the ordinary method of burning coal under a ste&m 
boiler, the grate (with its bed of soUd incandescent fuel more 
or less enciunbered with ash and clinker) offers a con^ 
siderable, a varying and an irregularly distribute " 
ance to the passage of air, rejects the incombustib 
with some difficulty and allows some of the u 
to sift to the ashpit or to be fused in with the i 



14 POWDERED COAL AS A FUEL 

powdered coal, burned in suspension, many of these dif- 
ficulties disappear. There still remains, however, the dif- 
ficulty of getting rid of the incombustible. With 10 per 
cent of ash there will be 200 lb. of refuse to be disposed of, 
for each ton of coal burned. If this ash is kept in a pul- 
verized form it is carried into the back connection, the tubes 
and stack, and scattered about the neighborhood. If it 
is fusedy an even more serious diflBculty may arise. The 
clinker then attaches itself to the surface of the furnace and 
welds itself into large masses. This may occasion damage 
to the brickwork when the clinker is removed and necessi- 
tates comparatively frequent laj'-offs for cleaning. In one 
instance, the molten slag formed in ridges and sheets upon 
the sides and in stalactites upon the roof of the furnace, 
while the floor was coverAi with a plastic mass, which cooled 
when the door was opened for its removal, and could scarcely 
be withdrawn without material damage to the furnace. 

According to Muhlfeld, clinker is of two kinds: ** hard " 
and '' soft.'' " Hard clinker '' is formed bv the direct melt- 
ing of some of the ash content. It hardens as it forms and 
usually gives but little trouble. " Soft clinker " is formed by 
the slagging of the ash and is either pasty or fluid and steadily 
grows in size, *' Honeycomb " ' or ** flue-sheet clinker " 
is formed by the condensation or coking of tarry matter or 
vapor as it strikes against the fire-box sheets, and results 
in the accumulation of a relatively soft, light, ashy substance 
that grows or spreads over certain of the refractory or 
metal parts of the furnace. 

A common source of trouble is the ferric sulphide (iron 
pyrites, FeSs) in the ash. This is reduced to ferric sulphide 
(FeS) in the furnace. The latter substance melts at about 
2300^ F. and forms a pasty mass. If subjected to hi^ 
heat and an excess of air, it forms Fe203, ferric oxide, which 
combines with the silica preseiit in the ash to form a rela- 
tively harmless infusible cUnker. If the supply of oxygen 
is insufficient, on the other hand, the ferric sulphide becomes 
ferrous oadde, FeO, which when combined with silica i»o- 
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duces the troublesome honeycomb. Proper adjustment of 
combustion conditions to suit the fuel used will therefore 
help to mitigate clinker difficulties. Grenerally speaking, 
silica, alumina and magnesium decrease the fusibility of 
ash; while iron, lime, potassiiun and sodium tend to 
increase its fusibility. 

The ash question is usually less serious in metallur- 
gical applications. At the furnace of the Canadian Copper 
Co., referred to in Chapter VI, the ash from the coal causes 
very little trouble in operation. A small amount settles 
on the slag, but as the ash contains considerable amounts 
of iron, this is not an undesirable feature. A small quantity 
also settles in the flue and a few hundred pounds may stick 
around the throat. Where exposed to high heat, the ash 
forms a very Ught pumice-like ffagUe mass. The throat 
is cleaned out daily by opening the door under the flue. 
Diuing the cleaning the firing is maintained as usual. 

The possible influence of coal composition on the analysis 
of furnace product is suggested in the following table, which 
compares results obtained in the same furnace with fuel oil 
and powdered coal : 



Analytit of Slac- 



SiO, 

FeO 

MnO 

P,Oi 

Final analysis of the steel: 

Sulphur 

Sulphur in coal 



Per Cent. 



OU. 



16.0 

22.0 

7.4 

1.7 



0.025-0.035 
1.0-1.15 



Coal. 



16.5 

18.2 

6.7 

1.9 



0.035-0.04 



There appears here to be no more difference than would 
naturally occur daily from variations of charge and fuel. 

In the experience of the General Electric Company, i 
Schenectady, N. Y., with a wide range of metallurgical op< 
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tions, slag and clinker gave no especial difficulty. In steam 
generation, they became serious factors only under heavy 
boiler loads, say 40 per cent above normal, and indicated the 
necessity of care in designing and operating boiler furnaces. 
" With powdered coal, fiunace temperatxu^ are high; 
2700^ F. or more is not uncommon and most of the ash 
will slag when hot. It was aimed at Schenectady to slag 
as much as possible, drawing off the fused product at inter- 
vals. Fine ash passes on among the tubes. The slag weighs 
5.72 per cent and the soot 3.41 per cent of the coal that made 
it. This coal gives 11.26 per cent of ash in the laboratory, 
so that 2 per cent must have gone up the stack. This 2 
per cent is a very fine white powder, scarcely visible at the 
chinmey top. The slag, which weiglis 114 lb. per ton of 
coal fired, contains no carbon whatever. At moderate loads, 
say up to 180 per cent of normal, it is drawn out once during 
the day to a concrete pit containing water. The pit is 
cleaned out with pick and shovel the next morning. This 
is not the easiest way to handle slag. If there were a cellar 
beneath the boiler room there would be less labor, but even 
as it is the work is not difficult. Water in the pit is essen- 
tial however. 

" With heavy loads, some particles of slag travel with the 
gas ciurent and cling to the first cold smiace they meet; 
that is, to the bottom row of tubes. If this slag is allowed 
to accumulate for ten hours, it will choke ofif enough of the 
gas passage to make reduction of load necessary. This was 
a great difficulty at first, but it has been overcome. The 
accumulation can be blown ofif with a steam jet once during 
the forenoon and again in the afternoon. This does not 
call for much time and is not laborious. Further im- 
provement has been made by admittmg a httle steam at the 
inlet end of the gas passages. This steam travels with the 
hot air, mingling with it and altering the character of the 
fire ; it makes slag run more freely, softening and decreasing 
the quantity that clings to the tubes. It pays to blow 
tubes once a day. Most of the soot goes over through the 
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second pass of the boiler and drops in the back chamber. 
The bottom of that chamber has been paved, giving it a 
pitch, with a drain pipe leading to a pit, and all this material 
is washed out every second day by merely opening a valve. 
The soot, however, is a loss; for 60 per cent of it is carbon; 
that is, 60 per cent of 3.41 per cent or 2 per cent of the 
coal is unbumed. The soot is light and fluffy, weighing 18 
lb. per cubic foot. No good use for it has been found 
thus far." 

Trouble from ash in metallurgical operations may arise 
in the combustion chamber, on the hearth, or in the flues. 
In the combustion chamber, slag can be provided for by the 
use of a bed of cinders, which will remain loose and can be 
pried out. On the hearth of a reverberatory fiu'nace the 
ash forms a slag which can be drawn off with other im- 
purities. In the gas flues, control of the heat should be 
such as to keep the temperature too low to permit the 
formation of slag. In any case, frequent and easy access 
should be given for cleaning. Checker work is, according 
to one authority, entirely unsuitable for the use of powdered 
coal. It will slag up and become inoperative. 

In locomotive applications, the liquid ash runs down the 
under side of the main arch and the front and sides of the 
forward combustion zone of the furnace and is precipitated 
into the self-cleaning slag-pan. Here it accmnulates and 
is air-cooled and solidified into a button of slag which can 
be dumped by opening the drop bottom doors. 

SUMMARY 

Ash disposal presents problems different from those en- 
countered with ordinary coal. They are to be handled by 
proper selection of fuel (giving attention to the composition 
of the ash), by control of combustion, by running off liquid 
slag and by the mechanical or manual cleaning of surfaces 
where powder or clinker may accumulate.. 



CHAPTER m 

PREPARATION OF POWDERED COAL 

Havtno selected a proper grade of coal, usually one con- 
tiuning in the neighborhood of 30 per cent of volatile matter, 
the first operation is generally a crushing to about 1-in. 
size. 

Fig. 1 shows the Jeffrey single roll crusher. It is so con- 
structed as to withstand the severe usage to which it is 




Fig. 1.— Jeffrey Singloroll Crusher. 



likely to be subjected, being built for strength and endurance 
rather than with any over-refinement of parts. 

The machine consists of a heavy cast-iron frame, in which 
are mounted a crushing roll and a breaker plate. The 
breaker plate is hinged at its upper end and is held in 
position by a pair of adjusting rods at the lower edge. By 
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this means the clear opening between the breaker plate 
shoe and the surface of the roll can be varied to give any 
size of product required. 

A clamping effect is produced by proper adjustment of 
the cross-rod bolts between the side frames, whereby suf- 
ficient friction may be brought upon the hinged breaker 
plate to eliminate chattering and to assist the safety device. 

The concave breaker plate acting in conjunction with the 
roll makes a form of maw, with a very small angle of repose; 
hence the machine will readily grip a large lump and reduce 
it to such size as will pass through the opening between the 
roll and plates. A countershaft, mounted directly on the 
machine, drives the roll through a pair of gears. These 
are made so heavy that sufiBcient torque is obtained to start 
the roll under all conditions of load. The machine cannot 
become overloaded or clogged up under any volume of coal. 
It makes the entire reduction in a single operation. 

The driving pulley is not keyed to the shaft, but is 
mounted on a separate hub which it drives through a set of 
wood pins inserted in holes in the arms of the pulley. When 
any undue strain comes on the machine from any cause, 
these wood pins shear off, and the roll stops while the pulley 
keeps on revolving. There is thus formed an efficient safety 
device preventing accidents to workmen. After the cause 
of the trouble has been removed, new wood pins put the 
machine again in operative condition. 

A pair of heavy springs is placed on the tension rods. 
These springs do not move under ordinary working condi- 
tions; but when an undue pressure comes on the breaker 
plate, they act as a cushion, yielding slightly, taking up the 
inertia of the parts and allowing time for the pins to shear 
without breaking more important elements of the machine. 

Fig. 2 shows the " S-A '' improved coal crusher, fitted 
with the patented toggle spring release, which gives maxi- 
mmn pressure between the rolls when they are in normal 
operating position. On the ordinary spring type of crusher 
the pressure is weakest when the rolls are in normal operating 
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pomtMn. The two t>'pes of cnisho- opoate in exactly (^po- 
flite ways. Since the pressure between the rolls decreases 
aft the rolls are separated, pieces of iron or other hard 
material will not injure the rolls of the " improved " type 
of crusher as th^ do the rolls of the ordinary machine. 
The pressure between the rolls is regulated by nuts that are 
easily accessible. 

Following the crushing, the coal may be carried (often 
by belt conveyor and elevator) to a magnetic separator 



Fio. 2.— S-A Improved Coal Crusher. 

like the Ding " magnetic pulley," which removes any iron 
or Htct^I scrap, nuts, pick points, pieces of iron, bolts, etc., 
that would interfere with pulverization. 

Tlic coal, before pulverizing, should be well dried, down 
to 1 per cent or less of moisture. This makes it pulverize 
better and burn more freely. Coal does not grind well if 
moisture in excess of this is present. Nothing is lost by 
drying it separately. In burning coal, the moisture, free 
(ir roiiibiiiod, must be disposed of either in the process of 
t>;x'puraliun or at the moment of combustion. In the latter 
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case, not only is the eflBciency of the furnace lowered by the 
calorific investment in the superheated steam passing out 
as a product, but the temperature of the furnace is lowered 
materially. Drying wet coal in the furnace itself is doing 
this necessary part of the work in the most expensive place 
and at the sacrifice of temperatures which may be essential 
to the industrial process. 

In the practice of the American Iron and Steel Co. 
(see Chapter VII), attention has been given the possibility 
of using undried coal. In all cases, it was finally deemed 
best to provide for drying. The drying equipment may be 
arranged for intermittent use, if apparatus of standard size 
is too large for the required quantity and moisture condition 
of the coal available. 

First cost so often enters into the selection of apparatus 
that a number of plants without dryers have been intro- 
duced with fairly good results, maintained even when the 
coal contained as much as 15 to 20 per cent of water. 

Mr. Lord of the American Iron and Steel Co. described 
a visit to an installation in Iowa at a time when there was 
deep snow on the ground. Into this snow the coal was 
shoveled after dynamiting it out of the car. It was then 
elevated, snow and all, to the coal hoppers over the pulver- 
izing machines. There was never any dijBSculty in the opera- 
tion nor any trouble in maintaining the flame, but the 
procedure was certainly not favorable to good economic 
results. It was estimated that about 20 per cent more coal 
was used in the- furnaces than would have been consumed 
with adequate drying facilities : and the power consmnption 
for pulverizing was considered to be about 50 per cent in 
excess of normal. 

The only reason for using wet coal is the desire to keep 
down the initial investment; and even at that, says Mr. 
Lord, there must exist the assurance of commercially drj- 
coal for the greater part of the time, i.e., coal carrjing 
moisture under 5 per cent. Provision should be made for 
protection from the weather as much as possible both at the 
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plant and in transit. One concern ships its coal in box 
cars. Storage will drain ofif some moisture, but slack coal 
will retain 15 per cent of moistiu^ indefinitely, unless stirred 
up and brought in contact with air. 

Where wet coal is used, and in all low-temperature appli- 
cations, an igniting flame must be provided. In the instal- 
lation just referred to this is accomplished by a grate fire 
in a steel box 18 in. square and 5 ft. long, and 12 in. square 
inside the brick lining. The powdered coal blowing through 
this small box comes in contact with the grate fire flame 
and hot brick walls and ignites readily. The coal on this 
grate is replenished by particles dropping from the powdered 
coal as it blows through. The powder which falls on the 
grate forms coke and bums freely. Attention is required 
only once in twenty-four hours for cleaning and raking out. 

The possible elimination of the dryer is further limited 
to those cases where a type of grinding machine is used that 
will handle moist coal. Pulverizers using screens for the 
separation of the coarse and fine material clog up imme- 
diately when fed with moist coal. 

THEORY OF DRYING 

To dry a stated weight of any material a definite number 
of heat units must be used; first, to raise the temperature 
of the material to 212""; second, to raise the temperature 
of the total amount of water contained in the material 
to 212^; and third, to evaporate such part of the water 
as may be desired. The total number of heat imits 
may be calculated from the specific heat of the mate- 
rial, the initial and final percentages of moisture and the 
initial temperatiu^. 

If then the heating value of the fuel used for drying and 
the thermal efficiency of the apparatus are known, the 
quantity of fuel required for any capacity may be determined. 

When the composition of fuel is known, we may then 
compute how much air is theoretically needed to bum it. 
The resulting temperature of combustion, however, would be 



PREPARATION OF POWDERED COAL 



23 



much too high for dryer operation. A lai^ excess of air 
must be introduced, to bring the temperattu% of gases down 
to about 1400" P., at which temperature they enter the gas 
passage of the diyer. This comparatively high temperature 
is quickly reduced by the transfer of heat through the steel 
shell to the drying coal. When these gases have reached the 
delivery end they may be at a temperatiu* of about 250" F. 
If (as in some forms of machine) they then pass back through 
the cascading coal, they are still further reduced in tempera- 
ture, and may finally leave the fan at about 100" F. In 
cooling, the gases are greatly reduced in volume; so that the 
velocity through the shell is decreased to such a point that 
comparatively little dust is carried off. 

Indirect-flred Rotary Cool Diyer. The FuUer-Lehigh 
indirect-fired coal dryer (Fig. 3) consists of an axially 
inclined cylindrical shell fitted with rollers and gearing 




Fici. 3.— Fuller- Lehigh ladirect-fired Dryer, 



which rotate the shell on its longitudinal asJs. The higher 
end of the dryer shell terminates in a brick housing which 
serves to support the stack required to dischai^e the wasti 
products of combustion of the diyer furnace, including tl 
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water vapor given oflf by the moist coal. The furnace for 
heating the dryer is placed between the stack chamber and 
the hood. The furnace may be provided with a large com- 
bustion chamber through which the dryer shell passes. 
The entire furnace is built of brick and the walls are securely 
bound together by means of buckstays and tie rods. 

The moist coal is fed into the dryer shell through a feed 
spout located in the stack chamber. This spout enters the 
dryer shell and delivers the coal close to the bottom. A 
series of longitudinal shelves fastened to the inside of the 
dryer shell lifts the coal and drops it through the current 
of heated air passing through the inside of the dryer shell. 
Since the revolving shell of the dryer is sUghtly incUned 
downward toward the discharge end, the coal travels the 
entire length of the shell and is finally discharged from the 
lower end. 

The hot gases from the furnace circulate around the out- 
side of the dryer shell, passing through the combustion 
chamber of the furnace. They then leave the combustion 
chamber through the horizontal breeching and enter the top 
of the hood at the lower end of the dryer. From this hood 
the hot gases flow to the interior and come in direct contact 
with the coal in the dryer shell. After they pass througih 
the interior, the hot gases enter the stack chamber at the 
upper end of the dryer, and then escape to the atmosphere 
through the stack. 

No flame comes in direct contact with the coal being 
dried, and there is absolutely no possibiUty of the coal's tak- 
ing fire during its progress through the dryer shell. No fans 
are used in connection with this type of dryer, as the stack 
draft is sufiicient to move the gases at the required velocity. 

Ruggles-Coles Dryer. Tliis form of dryer, illustrated in 
Fig. 4, consists of two long concentric steel plate cylinders 
which are set with the delivery end slightly lower than the 
head end. Between the inner cylinder, which acts as a flue 
for the hot furnace gases, and the outer shell is the space 
which holds the material to be dried. The two cylinders 
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are rigidly connected midway between the ends, and by 
placing swinging arms between this center and each end, 
allowance is made for the unavoidable expansion ard con- 
traction due to differences 
in temperature. Such con- 
struction entirely prcventf* 
the shearing of rivets or 
loosening of joints. 

The drj-er is supported 
on two steel tires which are 
rigidly riveted to the outer 
cylinder. Eacli tire rests 
on four bearing wheels 
made of chilled iron. These 
are arranged in pairs on 
rocker arms, which ai-e sup- 
ported on heavy cast-iron 
bases. Two large t lira-it 
wheels are provided on one 
of the bases to hold the 
cylinder tires against the 
wheels. Set screws allow 
the bearing wheels to be 
adjusted while the machiiK^ 
b in operation, so that tires 
can ride centrally on them 
without exerting pressure 
on the tlirust wUcek. 

Distribution of t li e 
weight of the drj'er on 
eight bearing wheels, each 
of which has two bearings, 
prevents excessive wear ot 
around the outer cyl 
with a pinion keyed to 
be located on either 
best suit local conditioi 
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Lifting plates are fastened to the inside of the outer 
shell, running parallel with the axis of the dryer for its entire 
length. The revolving of the dryer causes these plates to 
lift the coal and drop it on the hot inner sheU. By the 
inclination of the dryer the coal is carried from the feed 
end to the delivery end. On the inside of the discharge 
head at the delivery aid there are riveted buckets which 
discharge the dried coal through a central deUvery casting. 
At the feed end the inner cylinder extends beyond and 
through the stationary head and connects directly with the 
flue from the furnace. This inner cylinder forms an ex- 
tended combustion chamber for the imconsumed gases leav- 
ing the furnace. Doors are provided at both ends of the 
dryer for inspection purposes. 

Following the drying, the coal is pulverized to its final 
degree of fineness. With the best tj-pe of machines obtain- 
able for this purpose, the coal and its contained impurities 
may readilj' be powdered to such a degree that under 
screening tests 85 to 90 per cent wiU pass througih an 
aperture T^irin. square, while the total residuum left upon 
a screen whose apertures are yiir-in. square will be only 
from 2^ to 5 per cent ; and even this residuum would pass 
through screens i^in. square. It must be borne in mind 
that of the quantitj' passing the apertures riv-in. square 
there is a high percentage of absolute dust or impalpable 
powder not conunerciallj' measurable. This is proven by 
the fact that in tests made upon calibrated screens of ^hr- 
in. square aperture, over 70 per cent stiU passed through. 
It is certainly safe to assume, therefore, that the average 
volimie of particles will be less than that of a cube measur- 
ing rirrin. on the side. No determination is made, usually, 
of fineness below 200-mesh. 

The total number of particles resulting fron the powder- 
ing of 1 cu.in. of coal to spheres ^hf in. in diamet^ is over 
15 million. Simple calculation on this basis shows that while 
a cubic inch of coal exposes 6 square inches for absorption and 
liberation of heat, the siirface exposed for the same purpose 
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by the powdered coal is over 8 square feet. Since no fuel 
bums until it is heated to the temperature at which it 
develops more heat than it receives, the advantage of this 
enormous absorbing and dehvering surface is apparent. 
The result of this is shown in the clearness and uniformity 
of the flame produced. Where coarse particles are permitted 
to enter the furnace, distinct sparkles are apparent. These 
larger particles are carried beyond the region of oxygen 
supply and are for this reason not fully burned. 

At the Anaconda plant (see Chapter VI) the grinding is 
done so that from 93 to 97 per cent will pass through 100- 
mesh and 79 to 82 per cent through 200-mesh. Coals 
of high specific gravity will grind finer in an impact pulver- 
izer. In cement work, there is no gain by grinding finer 
than 95 per cent through 100-mesh. This gives from 75 
to 85 per cent through 200-mesh, the percentage depending 
upon the physical character of the coal. Coal thus pul- 
verized will contain a high percentage of fine dust practi- 
cally unmeasurable. As there is no difficulty in burning 
coal thus prepared, there seems to be no good reason for 
pushing pulverization beyond this p>oint. Coal ciui be 
brought to this condition quite cheaply, and the mills able 
to so this work have large capacity. Higher percentages 
may be obtained by the sacrifice of capacity, and conse- 
quently of grinding economy. The standard of approxi- 
mately 85 per cent through 200-mesh and 95 per cent 
tiirough 100-mesh is a practicable commercial standard and 
should be maintained. 

Fuller-Lehigh Pulverizer Mill, In this mill (Fig. 5) the 
coal is fed from an overhead bin by means of a feeder 
mounted on top of the miU. This feeder L-; driven direct 
from the mill shaft by muu of A belt running on a pair 
of three step cones, ^ridH|H^B|fe <^}erative adjustment. 
In addition, the haQjd^^^^^^^HyiUEOvided with a slide, 
which permits thi^^^^^^^^^^^|kB as decrease the 
amount of coal e 

The coal lea^^^^^^^^^^^^^^^^bverizing zone 
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of the mill. The pulverizii^ element consista of four 
unattached steel balls which roll in a stationary, hori- 
zontal, concave-shaped grinding ring (Fig. 6). The balls 
are propelled around the grinding rii^ by means of four 
pushers attached to four equidistant horizontal arms form- 
ing a portion of the yoke, which last is keyed direct to the 
mill shaft. The material discharged by the feeder falls 




Fro. a.— Fnl!cr-LcliL(;li Piilvrnzing Mill. 



between the balls and the grinding ring in a imiform and 
continuous stream, and is reduced to the desired fineness 
in one operation. 

Those mills which operate with fan dischai^es are fitted 
with two fans. One of these fans is connected in the separat- 
ing chamber immediately above the pulverizing zone, and 
the other fan operates in the fan housing immediately 
bdow the pulverizing zone. The upper fan lifts the fine 
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particles of coal from the grinding zone onto the chamber 
above the grinding zone, where these fine particles are held 
in suspension. The lower fan acts as an exhauster, and 
draws the finely divided particles through the finishing 
screen which completely encircles the separating chamber. 
The coal leaving the separating chamber is drawn into the 
lower fan housing, from wliich it is discharged through the 
discharge epout by the action of the Ifiwer fan. All of the 
coal discharged from the mill is finished product and re- 
quires DO subsequent screening. 




Fi«, 6. — FuUer-Lehigh Grinding Ring. 

The current of air induced by the action of the lower or 
discharge fan passes over the pulverizing zone, and out 
through the screen surrounding the separating chamber, 
thus insuring eool operation and maximum screening effi- 
ciency. This cvurent of air keeps the screen perfectly 
clean and enables tlie mill to handle coal containing a con- 
siderable amount of moisture. 

When the mill is in operation, it is handling only a limit*' 
amount of coal at any one time. As soon as the coa" 
reduced to the desired fineness, it is lifted out of the 
verizing zone and discharged. As the crushing 
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is applied to only a limited amount of coal, the power 
required to operate the machine is reduced to a minimum. 
Furthermore, this power is applied directly to the coal 
being pulverized. 

In order to insure steady operation, every mill should be 
provided with a storage bin of capacity not less than four to 
six times the hourly capacity of the mill. Each bin should 
have a chute or feed pipe, 6 or 8 in. in diameter, to permit 
the coal to flow from the bin to the hopper of the mill feeder. 
This chute should be provided with a gate or cut-out slide 
placed close to the bin so that the flow of coal through the 
chute may be controlled. 

A platform should be provided around the mill so that 
the operator may have easy access to the feeder. The 
floor of this platform should be about 3 in. below the top 
flange of the intermediate section. A small voliune of air 
is discharged from the mill with the finely pulverized coal. 
An air chamber should therefore be provided in connection 
with the conveyor taking the coal away from the mill, 
to permit the free escape of the air. The size of the air 
chamber varies with the size and number of the mills dis- 
charging into the conveyer. The air chamber should be 
proportioned so that an area of cross-section of 1 sq.ft. 
is provided for a 33-in. mill and of 1| sq.ft. for a 42-in. 
milL A vent pipe about 10 in. in diameter should be placed 
on top of the air chamber. This vent pipe may be connected 
with a suitable collecting chamber to prevent loss of dust 
from this source. 

In order to facilitate the erection of the mills and the 
renewal of worn parts, it is advisable that some form of hoist 
be placed above the mill. These hoists should have a capac- 
ity of three (3) tons for the 33-in. mill, and four (4) tons for 
the 42-in. mill. These mills are capable of grinding coal to 
a fineness such that at least 95 per cent will pass through a 
100-mesh screen. 

Raymond Bros.' Impact Pulverizer. The Raymond roller 
miU (Fig. 7) crushes and grinds coal by gravity and centrif- 
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ugal force. At the top of the main shaft is a rigidly attached 
spider which rotates with the shaft. To the arms of this 
the rollers are pivotally suspended by trunnions carried in 




—Raymond 



bearings in the roller housing, 
bearings of the roller journals i 
are pro\nded with lonii removal 
ings. The mlli'i-^ mr iikhIc- nf rri«t I 
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Centrifugal force throws the rollers outward against the 
steel ball ring. A plow is located ahead of each roller. 
This constantly throws a stream of coal between the face of 
the roller and the grinding ring. 

In the mills with air separation, air enters the mill 
through a series of tangential openings aroimd the pulveriz- 
ing chamber directly under the grinding ring and rollers. 
That portion of the coal which is reduced to the required 
fineness by one passage of the roller is instantly carried 
up by the air current to the receiving receptacle. That 
which is not ground sufficiently fine by the first roller is 
carried between the succeeding roller and the grinding ring 
to receive a second treatment. 

If the mill is kept properly filled with coal, each of the 
plows will throw a constant stream between the two grind- 
ing faces, preventing direct contact of the roller and the 
grinding ring. 

In this mill the casting supporting the plows is attached 
to and rotates with the slow-speed upright shaft, and little 
power is required to raise the coal and throw it between the 
crushing surfaces of the roller and the grinding ring. The 
plows can be removed without taking the mill apart, by 
simply opening one of the doors. The construction is 
such that the faces of the rollers always remain parallel with 
the face of the grinding ring. 

POINTS ON AIR SEPARATION 

To obtain perfect separation and secure an impalpable 
powder, the air must be expanded and rarefied so that coarse 
particles will drop out of the current. 

To obtain a large quantity of impalpable powder per 
hour by air separation, a large volmne of air must be used 
in order to lift the material. 

To use a large volume of air and yet obtain a current 
so light as to carry off only the impalpable powder, there must 
be ample room to expand and rarefy the air. 

To secure perfect separation, the mechanism for expand- 
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VOLUMES AND WEIGHTS OF DRY AIR AT ATMOSPHERIC PRESSURE, 

14.6963 POUNDS PER SQUARE INCH 



Weight in pounds .080728 Volume in cubic 1 +. 0020358 (T -32) 



per cubic foot 


1 +.0020358(7 -32) 


feet per pound 


.080728 


Temp. 
Deg. F. 


Volume as 
Compared 
with Vol- 
ume at 32<». 


Weight of 

1 Cu.ft. 

of Air in 

Pounds. 


Volume of 

1 Lb. of 

Air in 

Cubic Feet. 


Temp. 
Deg. F. 


Volume as 
Compared 
with Vol- 
ume at 32°. 


Weight of 

1 Cu.ft. 

of Air in 

Pounds. 


Volume of 

1 Lb. of 

Air in 

Cubic Feet. 



10 
20 
30 


.9349 
.9552 
.9756 
.9959 


.08635 
.08451 
.08275 
.08106 


11.581 
11.833 
12.085 
12.337 


700 
725 
750 
775 


2.3599 
2.4108 
2.4617 
2.5126 


.03421 
.03348 
.03279 
.03213 


29.233 
29.863 
30.494 
31.124 


32 
40 
60 
60 


1.0000 
1.0163 
1.0366 
1.0570 


.08073 
.07943 
.07788 
.07638 


12.387 
12.589 
12.841 
13.093 


800 
825 
850 
875 


2.5635 
2.6144 
2.6653 
2.7162 


.03149 
.03088 
.03029 
.02972 


31.756 
32.386 
33.016 
33.646 


70 

80 

90 

100 


1.0774 
1.0977 
1.1181 
1.1384 


.07494 
.07354 
.07220 
.07091 


13.346 
13.598 
13.850 
14.102 


900 
925 
950 
975 


2.7671 
2.8180 
2.8689 
2.9198 


.02917 
.02864 
.02814 
.02765 


34.277 
34.907 
35.538 
36.168 


110 
120 
130 
140 


1.1588 
1.1791 
1.1995 
1.2199 


.06967 
.06847 
.06730 
.06618 


14.354 
14.606 
14.858 
15.111 


1000 
1025 
1050 
1075 


2.9707 
3.0216 
2.0725 
3.1234 


.02718 
.02672 
.02628 
.02585 


36.799 
37.429 
38.060 
38.690 


150 
160 
170 
180 


1.2402 
1.2606 
1.2809 
1.3013 


.06509 
.06404 
.06302 
.06204 


15.363 
15.615 
15.867 
16.119 


1100 
1125 
1150 
1175 


3.1743 
3.2252 
3.2761 
3.3270 


.02543 
.02503 
.02463 
.02426 


39.321 
39.962 
40.582 
41.212 


190 
200 
210 
212 


1.3217 
1.3420 
1.3624 
1.3664 


.06108 
.06015 
.05924 
.05908 


16.372 
16.624 
16.876 
16.926 


1200 
1225 
1250 
1275 


3.3779 
3.4288 
3.4797 
3.5306 


.02390 
.02354 
.02320 
.02286 


41.843 
42.473 
43.104 
43.734 


220 
230 
240 
250 


1.3827 
1.4031 
1.4234 
1.4438 


.05838 
.05754 
.05671 
.05591 


17.128 
17.381 
17.633 
17.885 


1300 
1325 
1350 
1375 


3.5815 
3.6323 
3.6832 
3.7341 


.02254 
.02222 
.02192 
.02162 


44.366 
44.994 
45.626 
46.265 


260 
270 
280 
290 


1.4642 
1.4845 
1.5049 
1.6252 


.05513 
.05438 
.05364 
.05293 


18.137 
18.389 
18.641 
18.893 


1400 
1425 
1450 
1475 


3.7850 
3.8359 
3.8868 
3.9377 


.02133 
.02104 
.02077 
.02051 


46.886 
47.517 
48.147 
48.777 


300 
320 
340 
360 


1.5456 
1.5863 
1.6270 
1.6677 


.05223 
.05089 
.04962 
.04841 


19.145 
19.649 
20.154 
20.659 


1500 
1550 
1600 
1650 


3.9886 
4.0904 
4.1922 
4.2940 


.02024 
.01974 
.01926 
.01880 


49.408 
50.669 
51.930 
53.191 


380 
400 
420 
440 


1.7085 
1.7492 
1 . 7899 
1.8306 


.04725 
.04615 
.04510 
.04410 


21.164 
21.668 
22.172 
22.676 


1700 
1750 
1800 
1850 


4 . 3958 
4.4976 
4.5993 
4.7011 


.01836 
.01795 
.01755 
.01717 


64.462 
55.713 
66.973 
58.234 


460 
480 
500 
520 


1.8713 
1.9120 
1.9528 
1.9935 


.04314 
.04222 
.04134 
.04050 


23.180 
23.685 
24.189 
24.694 


1900 
2000 
2100 
2200 


4.8029 
5.0065 
5.2101 
5.4137 


.01681 
.01612 
.01549 
.01491 


59.496 
62.017 
64.539 
67.061 


540 
560 
580 
600 


2.0342 
2.0749 
2.1156 
2.1563 


.03969 
.03891 
.03816 
.03744 


25.198 
25.702 
26.207 
26.711 


2300 
2400 
2500 
2600 


5.6173 
5.8208 
6.0244 
0.2280 


.01437 
.01387 
.01340 
.01296 


69.583 
72.104 
74.626 
77.148 


620 
640 
660 
680 


2.1971 
2.2378 
2.2785 
2.3192 


.03674 
.03607 
.03543 
.03481 


27.216 
27.720 
28.224 
28.729 


2700 
2800 
2900 
3000 


6.4316 
6.6352 
6.8388 
7.0424 


.01255 
.01217 
.01180 
.01146 


79.670 
82.192 
84.714 
87.236 



34 



POWDERED COAL AS A FUEL 



ing and raref jdng the air must be such that the coarse par- 
ticles will drop out of the current and not carry the fine 
powder with them. 

The apparatus must be so constructed that the coarse 
particles or tailings will drop by gravity into the contracted 
portion of the separator, where the blast is stronger, m order 
that they may pass out through the tailing spout or back into 
the pulverizer without canying the fine material with them. 

The nearcx* the condition within the air space of the 
apparatus can be made to approach a vacuum, the finer 
will be the separation. 



COST OF LABOR AND MAINTENANCE FOR POWDERED COAL 

WITH RAYMOND PULVERIZERS 



Total 

Coat 

per Ton, 

Cents. 


Capacity 
in Tons 

Hour. 


Per Cent 

100- 

mesh. 


Per Cent 

200- 

mesh. 


Total 
Horse- 
power. 




Labor 


Main- 


Horse- 
power 
per Ton. 


Men at 

S2per 

Day. 


Cost per 

Ton, 

CenU. 


tenance 

Cost, per 

Ton, 

CenU. 


11.0 

11.8 
7.6 
8.4 
6.0 
6.8 
5.0 
5.8 
4.3 
5.1 
3.0 
5.8 
2.6 
4.2 


2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

10 

10 

25 

25 


95 
95 
95 
95 
95 
95 
95 


82 

95 

82 

95 

82 

95 

82 

95 

82 

95 

82 

95 

82 

95 


45 

60 

60 

85 

75 

120 

85 

145 

120 

170 

170 

255 

425 

680 


22.5 
30.0 
20.0 
28.3 
18.8 
30.0 
17.0 
29.0 
20.0 
28.2 
17.0 
25.5 
17.0 
27.2 


2 
2 
3 


10.0 
10.0 

6.6 
6.6 
5.0 
5.0 
4.0 
4.0 
3.3 
3.3 
2.0 
4.0 
1.6 
2.4 


1.0 
1.8 
1.0 
1.8 
1.0 

1.8 
1.0 
1.8 
1.0 
1.8 
1.0 
1.8 
1.0 
1.8 



The cost in the above table does not include that of power, 
as this is variable with local conditions. The cost of main- 
tenance when grinding 95 per cent 100-mesh is much less 
than when grinding 95 per cent 200-mesh. As a general 
rule, doubling the fineness of the mesh doubles the main- 
tenance cost. 
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The Jeffrey Sving Hammer Pulverizer. In the past few 
years, the swing hammer pulverizer has proved itself 
to be an efficient machine for the pulverizing of coal and 
other materials. 

The machine shown in Fig. 8 pulverizes coal by strik- 
ing it while in suspension, as opposed to the rubbing raid 
abraaoD mills which roll and mash the coal between hard 
surfaces. The material to be reduced is fed in near the 
top of the machine, and in falUng comes in contact with 




Fio. 8. — Jeffrey Swing-hammer Pulveriser. 



rapidly revolving hammers, which drive the coal against the 
breaker plates, from which it rebounds again into the paths 
of the hammers. 

Fineness is to a large extent determined by the inten- 
aty of the blow, and hence different degrees of reduction 
may be had by simply varying the speed of the inacliiiic. 
Different materials and different conditi ^lft.llt the satnn 

material as to temperature, moistuj 

corresponding differences in the deflJ^^^^^^^^^^^Blt 
it is impossible to predict before 
pected from any particular mat€ 

The supply of coal may be («i 
directly from a large bin, some f 
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device being desirable. The coal falls down on a sloping 
breaker plate where it is engaged by the rapidly moving 
hammers. The partially reduced material inamediately 
passes over the cage of screen bars. Here all that is suf- 
ficiently fine will pass through, while the residue is car- 
ried around the machine for a second operation. The top 
breaker plate materially assists in reducing oversize coal. 

The Aero Pulverizer. The Aero pulverizer, Fig. 9, 
consists of three interiorly communicating chambers (type 
" E " has four) of successively increasing diameters, in which 
revolve paddles on arms of correspondingly increasing 




lengths. The separate chambers are in fact separate pul- 
verizers on a single shaft, each succeeding pulverizer having 
greater speed at its periphery and therefore greater power for 
fine grinding. An additional chamber contains a fan, the 
function of which is to draw the more finely pulverized coal 
successively from one chamber to the next, and to deliver 
it through a pipe connection to the furnace under the impetus 
of a forced draft. The separate pulverizers and fan are 
enclosed in one steel cylinder. An adjustable feed mechan- 
ism controls and varies the quantity of coal admitted and 
delivered by the machine. 

The feed mechanism is exact and uniform in its operas 
tion and is easily adjusted to meet even minute variatioiu in 
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ring and are held in place and driven by the head or driver. 
The driver is recessed to receive the rolls and is so shaped 
as to converge the coal on the track in front of the rolls. It 
is a high-carbon steel casting with hard-wearing surfaces. 




Pio. 10. — Bonnot Pulverizer. 



There is a large cover i>late on the side of the main frame, 
through which the driver, rolls and grinding ring may be 
removed without disturbing other parts. 

This pulverizer is particularly adapted to use with a 
separator, owing to the fact that the grinding parts revolve 
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in a vertical plane, and throw a constant stream of ground 
coal upward against the separator. 

The base of the separator is attached to the top of the 
grinding chamber, and is made with the sides flaring or 
diverging so as to form a large air chamber into which the 
coal is thrown in a constant stream by the grinding parts. 
The air current entering at the bottom of the separator 
passes upward and carries away the fine material. Because 
of the increased area toward the top of the separator, the 
velocity of the air current is there reduced. This allows the 
coarser material to fall back into the grinding chamber, 
while the fine material is carried upward. 

A featiu^ of this separator is an interior flue on each side, 
by means of which a considerable range of fineness may be 
secured. These flues are hinged at the bottom and adjusted 
by a lever on the outside of the separator. To obtain a 
fine product, the flues are inclined outward to a position 
parallel with the walls of the separator; while for obtain- 
ing a coarse product, they are set in a vertical position. 
It is possible, without changing the speed of the fan, to 
obtain a range of fineness, from 98 per cent through a 200- 
mesh and practically all through 100-mesh, to a product 
of which 50 per cent will pass 100-mesh, and the balance 
range in size to 16-mesh or even coarser. The velocity 
of the air current and the position of the flues will determine 
the degree of fineness. 

The air current carrying the impalpable material passes 
from the separator through a pipe to the collector, entering 
the latter on the side, in a horizontal direction. 

Since the collector is polygonal in shape, the various 
sides or faces break up and change the direction of the air 
ciurent, meanwhile reducing the velocity. This allows the 
material in suspension to drop to the discharge pipe at the 
bottom of the collector. At the top of the collector, a con- 
nection leads to a small auxiliary collector of similar shape, 
which is designed to remove any moderately fine material 
still remaining in suspension. 
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The Tube Mill. The Bonnot tube mill consists of a 
cylinder of steel plate, usually made from 4 to 5 ft. in 
diameter and in any length from 15 to 25 ft. The heads 
of the mill are lined with hard iron plates and the cylinder 
with either sUex stone or hard iron as may be desired. The 
cylinder is supported at each end on lai^e gudgeons, which 
are cast solid with the circular steel heads forming the ends 
of the cylinder. These heads are bolted to heavy cast 
rings running on large bearings. The mill is driven by 
means of a countershaft having a pinion engaging with a 
large spur gear attached to the cylinder. 




The material is fed into the cylinder by means of a worm 
in the hollow gudgeon at or'.e end of the mill. The feeder 
is an automatic regulating device and can be adjusted in- 
stantly to give any desired capacity up to 50 per cent 
above the normal capacity of the mill. It is supported by a 
heavy bracket bolted to the main bearing. It is driven 
direct, by means of geai'irg from the end of the gudgeon. 

The material is discharged from the mill either through 
the hollow gudgeon at the discharge end, or through the end 
of the cylinder by means of slotted holes through the liners 
and dischai^e head. When the latter arrangement is used, 
8 close-fitting cast-iron dust housing is provided, which is 
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supported by brackets resting on the main bearing. The 
fineness of the product obtained is regulated by the amount of 
material fed into the mill. 

This tube or pebble mill is economical with regard to 
wear owing to the fact that it is a slow-running machine 
and grinding is done by the rolling or impact of flint pebbles, 
with which the cylinder is filled about one-half full. Such 
materials as cement clinker and similarly hard, gritty sub- 
stances are handled advantageously by the tube mill. The 
efficiency of the mill is not reduced by wear on the pebbles 
and lining, provided the normal charge of pebbles is main- 
tained. Some tube mills use lengths of pipe or tubing, 
or steel-plate punchings, instead of loose pebbles. All grind 
very fine; so fine, in fact, as to be frequently expensive 
in power. 

CAPACITIES OF TUBE MILLS 

A 5 by 22 ft. mill with Silex lining, containing 6 tons of 
pebbles, fed with coal not exceeding J in. size, ground IJ 
to 2 tons per hour, 94 per cent to lOO-mesh. 

The same mill, with pebbles and 4-ft. tubes, ground 
2J tons per hour, 95 per cent to lOO-mesh. 

A No. 18 Kominuter mill grinding 10 to 12 tons per hour 
sent all tailings which would pass over a § by A-in. screen 
to a Bonnot tube mill loaded with punchings. Two such 
mills, 5 by 9 ft., ground 4^ tons of the tailings per hour, 
96 per cent to 100 mesh. 

A 5 by 22 ft. Silex-lined mill loaded with 11 tons of slugs 
ground 3^ to 4 tons per hour, 96 per cent to 100 mesh. 
A precisely similar mill on a succeeding day produced this 
same fineness on 4^ to 5^ tons per hoiu*. 



CHAPTER IV 

FEEDING AND BURNING POWDERED COAL 

In a paper before the American Institute of Mining 
Engineers, 1913, Mr. H. R. Bamhurst lays down certain 
principles of which the following is an abstract: When 
coal is shoveled or fed in bulk, a certain degree of com- 
minution or pulverization takes place in the fire as an inci- 
dent of combustion. Coal does not bum in lumps, but its 
ash comes away pulverized. This gradual pulverization 
occurs in the fire at the expense of some of the heat units 
in the fuel. As this pulverization is accomplished slowly, 
it is necessary to supply a large grate area so that the col- 
lective surface exposed for disengagement of heat shall be 
sufiicient for the purpose for which the fire is used. 

To be classed as a fuel a material must be able to give 
out more heat than it receives. No fuel will bum until its 
particles are brought to this self-supporting condition by the 
heat absorbed from particles previously biuned. Not 
only this, but the oxygen of the air must be heated likewise 
to a combining temperature. This involves heating the 
accompanying nitrogen. This heat must be passed from 
substance to substance in increments small in themselves 
but collectively as large as the occasion demands. 

In the use of powdered coal the fuel is already prepared 
for the absorption and evolution of heat. In addition, it is 
aimed to prepare the air, by a practically similar subdi- 
vision, for joining in the process. The delivery of coal and 
air to the furnace must be controlled so that the proper 
amount of each will be secured. 

The sequence of events in combustion is as follows : the 
volatile elements of the fuel are first disengaged. These 
hii^Uy combustible hydrocarbons combine with the oxygen 
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of the air, burning to CO2 and H2O, and disengaging heat 
enough to bring up to an ignition temperature the fixed 
carbon components. 

It is evident that comparatively large masses of fuel 
supplied with large voliunes of air will, for reasons simply 
mechanical, fail in eflSciency. This is more particularly 
the case when large contents of volatile matter are suddenly 
set free by contact with another mass of incandescent fuel 
and with heated surroundings. Under such conditions 
it is impossible to get the best results from any fuel. The 
sweeping-ofif of volumes of volatile gases by large volmnes 
of insuflBciently heated air produces smoke. This smoke 
represents but a small weight of carbon unbumed, but 
may indicate a condition under which a large quantity of 
gases passes o£f uncombined. A heavy draft pressure accent- 
uates this condition, and records are plentiful of the passage 
through fires of large excesses of oxygen which has failed of 
its duty from lack of heat preparatory to combination. 

A pulverized fuel, the particles of which are each sur- 
sounded by a minute envelope of air, sufficient thoroughly 
to bum them, is an ideal fuel imder ideal conditions. In 
projecting a cloud of such fuel into a highly heated chamber, 
each particle because of its opacity becomes an absorbent 
of heat, radiating not only from the chamber walls, but from 
each neighboring particle as it inflames. This inflammation 
progresses with rapidity almost inconceivable. Pulverized 
fuel injected with its air supply at a speed of several thou- 
sand feet per minute inflames right up against the delivery 
nozzle, the flame playing about its mouth. This is best 
accomplished by avoiding high pressure in projecting the 
fuel. The final combination of air and fuel occur«| 
instant of projection into the furnace. Thr 
the fuel expands as soon as it is heated, 
is of course due to the increase in temperati 
the large volume assumed by the flame on ! 
of entrance. 

The powdered coal problem is one of 
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peculiar conditions. The burning of powdered coal differs 
from the burning of solid fuel in one essential particular. 
In the combustion of coal in commercial sizes lying on the 
grate, the air for combustion passes between the pieces of 
coal and the products of combustion pass off in the flue. 
Powdered coal does not bum under such conditions, as the 
particles are so fine that suflScient air for combustion could 
not reach the coal through crevices between the particles 
hing in a soUd bed. To burn powdered coal successfully, 
it must be bmned while in suspension in the air. In such 
a position each particle is surrounded by air which supports 
the combustion. The form of furnace used in making Port- 
land cement is favorable for combustion in suspension, 
since it is very long and affords plenty of room. 

Contact of the particles of coal dust with other bodies 
results in the lowering of temperature to such an extent as to 
make combustion impossible. There is a more or less com- 
plete loss of any fuel which falls down to the grate. The 
time for combustion is evidently increased as the size of the 
dust particle is increased ; from which it follows that the finer 
the grinding, other things being equal, the quicker and more 
perfect will be the combustion. 

In the early days of development of the process of pow- 
dered coal burning, ignorance of the necessity of fine grind- 
ing was the cause of many failures in burning the fuel. In 
the cement industry, special devices for regulating the supply 
of air for injecting the fuel are supplied, but no special 
controlling apparatus is supplied for the air which enters 
the kiln through the various openings around the hood. 
It would be difficult to control the admission of such air: 
but by increasing the fuel charge, it is possible to bring the 
air supply down to any relative proportion desired. 

Patents taken out many years ago for the burning of 
powdered coal under boilers and in various arts show vari- 
ations in the kinds of pulverizers and feeding devices, and 
also foreshadow the idea of delivering the powdered coal into 
the furnace by a jet of air or steam. 
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The perfect combustion of 1 lb. of carbon demands 2f 
lb. of oxygen. This is contained in II. 6 lb. of air, or about 
154 cu.ft.; should less than this quantity of air be supplied, 
a proportionate amount of fuel will be burned to CO, with 
a loss of two-thirds of its potential efficiency. A part of 
this loss may be regained by contact with heated oxygen; 
or the CO may pass on and burn in the chimney, doing no 
good. Carbon monoxide is necessarily formed in an atmos- 
phere of gases deficient in oxygen, and its formation renders 
still more difficult the further establishment of active com- 
bustion. 

The temperatures attainable with powdered coal are very 
high, so high that excess air is commonly admitted in propor- 
tions ranging between 50 and 100 per cent. This excess air 
dilutes the gases resulting from combustion and lowers 
the temperature. 

The following table shows the temperatures attained 
in the perfect combustion of pure carbon with varying 
amounts of air: 



1 lb. carlxm with 1 1 .6 lb. air 
1 lb. carbon with 12.76 lb. air 
1 lb. carlx)n with 13.92 lb. air 
I lb. carlx)n with 15.0S lb. air 
I lb. carlx)!! with 10.24 lb. air 
I lb. carbon with 17.40 lb. air 
1 lb. carbon with 18.50 lb. air 
1 lb. carbon with 10.72 lb. air 
I lb. carbon with 20.SS lb. air 
I lb. carbon with 22.04 lb. air 
I lb, carbon with 23.20 lb. air 



Dcg. F. 

normal) 3990 

10% excess) 3747 

20% excess) 3526 

30% excess) 3333 

40% excess) 3153 

50% excess) 3002 

60% excess) 2849 

70% excess) 2725 

80% excess) 2509 

lK)^c excess) 2847 

100% excess) 2345 



In practice, the furnace tender soon becomes educated 
to the point of judging whether a fire is hot enough by its 
color and by the length of the flame. The more perfect 
the conditions the shorter and whiter the flame. 

Some fuels can be burned almost without care on the 
part of the operator; gas is one and oil another. There if 
no economy in such ways of operating, but the furnace 
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uodsiiablj hot. Mr. A. S. Mann, of the General Electric 
Company, remarked: ** I recall an instance where an oil 
man wanted a really good fire and had no oil to waste. He 
watched the fire all the time and kept it right; if he eased 
off his oil a trifle he cut down his air too and did not forget 
to look at the chinmey, top and bottom. Such work 
always paj'S, whatever the fuel may be. 

•' Powdered coal is not a fuel that can be left for half 
a day to itself while the fireman goes to grind his knife 
and pare an apple." Fires may run all day with no change 
in adjustment whatever, but somebody should always 
know that they are right ; and the fire should be looked after 
every half hour or so. There is always slag and some fine 
ash fonning; it is well to know where these are going. On 
the other hand a wrong adjustment of either coal or air 
soon makes itself apparent. Powdered coal bums best with 
a supply of 200 cu.ft. of air for each pound. It can bum, 
and bum clearly, with 160 ft. and even less, but the excess 
pi^*s. When the supply exceeds 200 ft. efiiciency begins 
to fall. There is a noticeable loss even at 208 ft. The 
eye cannot discriminate between a 200-ft. and a 208-ft. 
fire, but it can recognize a 250-ft. or even a 220-ft. blaze. 
There is a marked change in the appearance; and imless a 
" cuttmg " fire is really wanted, there is no excuse for such 
bad mixtures. 

" This is not true of other fuels. Solid coal on a grate 
is not doing its best at 200 ft., and it takes a remarkably 
close observer to note the difference with a 240-ft. fire. 
T^th oil this is even more pronounced. It is the usual 
thing to find an oil fire with air greatly in excess, and the fact 
not known. The average operator will not even try to find 
out whether he is wrong, for in order to do so he must reduce 
his air little by little until things go wrong, and that takes 
time. Firemen are ' not paid to save fuel.' The powdered 
coal fire begins to spark and wheeze when it has too much 
air. * In a typical powdered-coal feeding and burning 
installation, the coal is received in a bin over the feeders, 



48 POWDERED COAL AS A FUEL 

where its weight is about 38 lb. per cubic foot when it is 
loose in the bin. Settling brings the weight down to about 
45 lb. per cubic foot. Across the bottom of this bin, and 
within a pipe extending horizontally from it, is a double- 
flight worm or feed-screw. This double-flight screw resists 
the tendency of the light coal to flow of itself along the feed- 
screw. The screw extends over a flanged pipe-cross into 
which the fuel is deUvered. The rear end of the screw is 
supported by a bearing in a flange on the side of the bin, 
the shaft projecting to receive a driving pulley or chain 
sprocket. The delivery end of the screw shaft is supported 
by a bearing in the cover of the horizontal opening of the 
flanged pipe-cross. The top opening of the cross is uncovered 
to permit air to draw down with the falling fuel. This 
fuel descends a vertical pipe attached to the lower opening 
of the cross, the pipe being long enough to be within the fun- 
nel or injection pipe. At the bottom of the funnel is a diag- 
onal plate upon which the fuel falls. The plate is tight 
against the air pipe on the up-stream end, and is flared open, 
on the side towards the furnace (down the ciurent). It 
covers about one-fourth the diameter of the pipe, thus 
forming at this point a ' vena contracta,' and producing 
a suction in the funnel. Consequently, supplementary air 
is drawn through with the fuel. The fuel spraying upon this 
plate mixes very thoroughly with the air from the fan, 
the eddy currents assisting materially in dispersal of the 
fuel through the main colunm of air. 

" The admission funnel should be far enough from the 
furnace to permit this mixture to be thorough. Pressures 
carried abnormally high may defeat this, and they also 
tend to project the fuel too far into the furnace before 
flushing. As soon as the fuel cloud begins to absorb the 
heat of the chamber into which it passes, a rapid expansion 
of the air takes place, separating the particles of fuel in 
suspension. The amount of expansion is determined by the 
ratio of the absolute temperatures, in the furnace and of the 
initial air. It is a matter of discussion whether the best 
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results are obtained by a delivery of all the air found neces- 
sary for combustion through the feed pipe, or to use a smaller 
quantity of air in the feed pipe and provide a further sup- 
ply from other openings. Good practice would seem to point 
to absolute control of the air by the fan, and control of the 
fuel by a varied speed of the feed-screw. The furnace should 
have a good natiu'al draft to a chimney, controlled by a 
damper." 

FURNACES 

The designing and building of furnaces is an undertaking 
that calls for engineering skill. Speeds, volumes and cur- 
rents must all be considered; sizes and areas influence heat 
generation and distribution; the position of the egress 
ports, if their number or size is great, may defeat the pur- 
pose of the furnace. It will not do to build a furnace in a 
haphazard way, apply a burner somewhere and, if it does 
not work, feed in enough fuel to make it work. Perhaps 
there is no fuel so sensitive to correct use as powdered coal. 

While coal ignites freely, in a hot chamber, this ignition 
necessitates the absorption of heat from some source, and 
if coal rapidly projected by air does not develop its heat 
near the point of ignition, other means must be devised to 
maintain the heat necessary for ignition where ignition is 
needed, i.e., at the first entrance of the coal into the fur- 
nace. Giving the fuel too great velocity upon entrance is 
not good practice. 

Some singular errors and misconceptions have attended 
the practice of many users of powdered coal. More par- 
ticularly is reference intended to the use of large fans to 
supply tlie air necessary for the projection of the fuel, 
where the air nozzle is reduced from 16 or 18 in. in diametcT 
to 4 or 5 in. at the jet with the expectation that all of tlu* 
air in the 16 or I8-m. pipe will be hurrip^ ^\xe 4 or 

5-in. nozzle. 

The first essential of a p<r 'e 

combustion chamber where 
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four times the volume of the flame produced by an ordinary 
grate fire. This entire combustion space must be free from 
any metallic cooling surfaces. There is little possibility 
of such a cooling surface in most metallurgical furnaces, 
but this is the probable reason why powdered coal has had 
thus far only limited application under steam boilers. Con- 
tact with a cooling surface stifles the flame and stops com- 
bustion. The reverberatory type of furnace is well suited 
to the use of powdered coal. It has a large combustion 
space, which in the case of powdered coal extends out over 
the hearth. In all cases, the fuel must be projected into a 
chamber suflBciently hot to cause instant deflagration. The 
furnace must be properly proportioned, properly equipped 
and in good condition. 

BURNERS 

There have been filed in the United States Patent Office 
almost as many patents on powdered fuel burners as on non- 
refillable bottles. Almost any engineer can design a suc- 
cessful burner after knowing the requirements. " Any 
mechanism which will give a uniform mixture of coal and 
air with both under control can be used as a burner for pow- 
dered coal." 

Burners are usually made up of a screw conveyer of 
variable speed which drops the coal into a blast of air. One 
thing to be guarded against is the possibility of flushing. 
Powdered coal seeks its own level like water. It will 
sometimes run along a screw conveyer so as to get ahead of 
the screw. For this reason the screw is usually made very 
long, so as to introduce enough friction to keep back the 
flush of coal. 

There is one very successful burner in which no mechan- 
ism whatever is used, everything depending upon the blow- 
ing of air through a pocket of powdered coal. The air picks 
up enough of the powder in its passage through to provide 
for combustion. Possibly this apparatus would have a 
closely limited capacity. 
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Some of the failures that have been experienced in burn- 
ing powdered coal have been due to an incorrect method 
of introduction of air into the furnace, either by induced 
draft or by a blast separate from that which supplies the 
coal. Air and fuel must be mixed thoroughly before 
entering. It is possible to add a little more air after a 
mixture has been made, but good combustion should be first 
insured by a good mixture of fuel and air at entrance. 

The burner must be designed so as to be free from pockets 
or storage spaces, and must be out of the influence of the heat 
of the furnace. Heat will cause coke to form and interrupt 
the operation. 

One of the first patents granted in connection with 
powdered coal was that to Messrs. Whelpley and Storer in 
1866. It covered the simple operation of feeding powdered 
coal so as to cause it to come into contact with the supply of 
combustion air. The pulverized coal was to be employed 
merely in order to assist solid coal fires already burning in 
the furnace. The idea was that the fuel entering with the 
colunm of air would meet, near the point of entrance, the 
flames of the furnace fires. Thus as the powdered coal 
entered the working chamber, it was instantly and thoroughly 
consumed. It was not intended to dispense with the usual 
fires maintained in the fire box of the furnace, but merely 
to augment them and to economize in fuel. 

In 1870, the same inventors were granted a patent cover- 
ing a device for introducing and regulating the supply of 
powdered coal and air into furnaces and fire boxes, through 
a large number of openini^s (Figs. 12 to 13). 

In 1871, Mr. T. R. Crampton was granted a patent for 
an improvement in apparatus for feeding powdered coal to 
furnaces, which consisted of six, eight or more or less b 
according to the size of the furnace. StreaiP* 
with powdered coal were injected into the 
bustion chamber (which had a plain solk 
fire bars or divisions of any kind) thif 
each other and on the same plane, so tl 
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mingled as they expanded on leaving their respective pipes 
or openings. This assured uniformity of combustion 
superior to that effected with either a single pipe or with 
branches from a single pipe opening into the combustion 
chamber at places too remote from each other to permit 
sufficient commingling of the fuel and air. 




13.^ — VVhelpley & Storer Apparatus, 



In order still further to promote combustion, the bridge 
wall was constructed with a suitable slope towards the open- 
ings, so that the commingled streams impinging on it at an 
angle spread in all directions. This led to a further com- 
mingling; and a combination of air and fuel homogeneous 
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in its character was deflected over the bridge wall ready to 
do its work in the furnace. 

Instead of relying upon the combination of air and fuel 
escaping from a single pipe as sufficiently perfect to secure 
continuous and uniform combustion, the fuel and air were 
thus subjected to, first, the action of similar streams from 
adjacent pipes; and, second, impingement upon the bridge 
wall, or even upon the bottom of the combustion chamber. 
The powdered coal, ground to the required fineness, was 
placed in rectangular reservoir, located above the plane of 
the pipes. In this reservoir there were rotating stirrers 
which urged the fuel through a gate at one end of the reser- 
voir, and upon a roller, a part of whose periphery formed 
the bottom of a box attached to the reservoir which sup- 
ported the fuel issuing from the gate. 

Above the roller, just described, was another and smaller 
one, a part of whose periphery was within the box; the two 
rollers by proper gearing being made to move at about the 
same smface speed. 

The rollers were adjustable as to speed, and received 
between their faces the powdered coal passing through the 
gate of the reservoir. They delivered it in a thin sheet of 
grains of xmiform size into a trough, from which descended 
as many receiving tubes as there were conducting tubes 
leading to the furnace. 

The upper openings of the receiving tubes in the trough 
were rectangular, and so arranged side by side as to divide 
equally the sheet of grains falUng into them into as many por- 
tions as there were conducting tubes. 

The bottoms of the receiving tubes were circular, and 
they were united each to its separate conducting tube, 
slightly on the furnace side of the open end of the latter. 

Having thus secured to each conducting tube an equal 
supply of fuel, the next thing to be done was to combine 
or mix this fuel with air, and to force the combination, then 
called " carbonized air," into the combustion chamber. 
This was eflFected by a fan or similar contrivance. The 
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blast of air was forced into a cylinder in the same plane 
with the conducting tubes, opposite to the open ends of 
which were an equal niunber of air nozzles. 

These nozzles were smaller in diameter than the open 
ends of their respective tubes, and at a short distance there- 
from, so that there was space into which the external air 
might enter into the conducting tubes along with that which 
was forced into them from the air nozzles (Figs. 14 and 15). 

In 1871 a patent was granted to Mr. J. Y. Smith of 
Pittsbiu^, Pa., on a device shown in Figs. 16 to 18, which 
the inventor describes as follows: 

" An apparatus for feeding powdered coal into a furnace, 
combining in its construction the following elements, viz., 
an induction and an exhaust pipe, an mtermediate wheel 
arranged to be revolved by the action of a current of steam, 
air or gas passing through said pipe, and a shoe or other 
feeding mechanism regulating the discharge of the powdered 
coal connected with said wheel.'' 

In combination with a pipe or series of pipes for passing 
a ciurent of steam or gas into the furnace or combustion 
chamber, there is employed a hopper or pipe for delivering 
into such current, the powdered coal; and an opening or 
series of openings for introducing air mingled with the 
steam or gas and powdered coal into the furnace or combus- 
tion chamber. 

In 1876 Mr. Wm. West of Golden City, Col., was granted 
a patent for a powdered coal burner which consisted of a 
small screw conveyer for feeding the coal dust from a bin 
to one or more tubes; from which it dropped through a 
funnel-shaped pipe into a blast pipe. From this, the air 
picked it up and carried it into the furnace. The screw had 
a cone pulley or other means for regulating the speed of the 
conveyer (Fig. 19 to 20). 

In 1880 Mr. West together with Mr. John G. McAiiley 
improved the design of this powdered coal feeder and were 
granted a patent on their improvement. It consisted of 
constructing the feeder with a vertical conduit, through 
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Pio. 18— Smith Burner and Feeder. 
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which the powdered coal dropped, communicating with a 
horizontal pipe which was made of greater inside diameter 




Fio. 20.— West Feeder. 

just back of the point of entrance of the coal than it was 
farther back. ^Vn inclined shelf, at the bottom of the verti- 
cal fuel conduit, prevented the blast of air from strikiii 
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upward and made for a better mixing of the particles of coal 
dust and air. 

The Edison patents on feeding and burning equipment 
are described in Chapter V. Other apparatus of this sort 
will be foxmd discussed in Chapters VIII and IX. 

Pneumatic Feeding System. In most plants using pow- 
dered coal the above-described screw conveyer system is 
employed. About a year ago the author visited a niunber 
of works using powdered coal. Among them were several 
that are using the air distribiUing (Holbeck) system; and 
the contrast between the two systems was most marked. 

The air distributing system is briefly described as fol- 
lows : Air is the agent used for conveying the coal dust to the 
furnaces. The coal is first pulverized in the usual manner 
and delivered to a storage bin located in the coal building. 
This bin is the only one used for storing powdered coal in 
the entire plant. It is made of sufficient capacity to serve 
the furnaces for ten hours. 

The powdered coal is taken from this bin by a standard 
double-flight screw conveyer, driven by a variable speed 
motor: and is then fed into the suction side of a high- 
pressm-e blower. From this it is blown into the distributing 
main and carried to the furnaces through branch pipes. 
The coal which is not used at the furnaces is returned through 
a return line to a collector located on top of the powdered 
coal bin, where it is extracted from the air and falls into 
the storage bin to be fed over again. The air from the return 
line, after the coal is extracted, is returned to the suction 
side of the distributing blower. 

Interposed in the distributing main is a special flow 
indicator and controller; intended, first, to indicate the 
rate of flow of air through the system and second, to con- 
trol the feed of powdered coal into the system so as to have 
a imiform mixtiu^ of coal dust and air to the burners, 
regardless of the niunber of furnaces in operation. 

The return line permits a velocity of air in the distribut- 
ing main sufficiently high to keep the powdered coal in sus- 
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pension of the air and in circulation in the system, even 
with no furnaces in operation. 

When the valves in the branches at the furnaces are 
opened so as to permit a flow of coal dust to the burners, 
there is an increase in the flow of air through the flow 
indicator. This increased flow is instantly indicated on the 
indicator dial as shown in Fig. 21. At the same time 
a small pilot motor is started, and by means of proper 
gearing the arm of a special field rheostat is moved in pro- 
portion to the increase in the flow of air through the dis- 
tributing mains. This rheostat controls the variable speed 
motor that drives the feed screw, thus speeding up this 
motor and feeding more coal dust to meet the demand. 
In case a valve of the furnace should be partly closed, thus 
causing a decrease in the flow of air through the system, 
the pilot motor is automatically reversed, the rheostat 
arm is moved in the opposite direction, and the motor driv- 
ing the feed-screw is slowed down so that the mixture of 
coal dust and air is automatically kept uniform. 

With this system, the powdered coal can be conveyed 
to any reasonable distance. The author has seen a plant 
where the first furnace was 400 ft. from the pulverizing 
plant, and another where the last furnace on the line was 
1500 ft. from the milling plant. If the velocity of flow 
is reduced, due to friction in the main, a second or even a 
third and fourth distributing blower or booster can be 
placed in the line and thus the circulation can be kept up 
for an indefinite distance. 

The advantage of handling the coal dust in this way 
over the old system of using screw conveyors, are: 

1 . When it is taken into, consideration that the air used 
for conveying the coal dust is also used to take the pla^ 
the secondary air for combustion, that would h 
furnished by some other means, the actual 

of power for furnishing coal dust to the fumao 

2. The wear and high cost of repairs incidie 
method of using screw conveyers is eliminal 
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d that a 9-in. screw conveyer costs about $4.50 per 
I foot and the power cost to turn it will average at least 




D per day for every run of 250 ft. Screw conveyers 
apt to clog up and stop feeding, necessitating work to 
be the stoppage and then to make repairs. 
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3. Air distribution entirely eliminates the storage bin 
at each individual furnace, which takes up a great deal of 
space that can be used for other purposes. It also eliminates 
the " hanging-up " of coal dust at the furnaces, which may 
cause avalanching and flushing past the controllers, leading 
the fimiaces to puff or smothering the fire. This diflBculty 
from powdered coal (caking at the bins) seems to be quite 
general. The writer has seen the coal dust bins suspended 
by springs in shops where it was endeavored to stop the 
caking of the coal resulting from the jarring of forge ham- 
mers. 

4. Within a few minutes after the furnaces are shut oflf, 
all of the coal dust in the distributing system is returned 
to the pulverized coal plant, thus leaving no coal dust in 
storage in the works or at the furnaces. 

With this system of distribution, there is no large com- 
bustion chamber built, nor is the existing furnace changed 
to any extent. The oil or gas supply is cut oflf and one or 
two small branches of pipe are brought down to the furnace 
with a valve near the main, fixed so that it can be operated 
from the floor. 

The distributing main consists of spiral riveted pipe 
running overhead and feeding the furnaces. If there are 
ten or twelve furnaces, and it is desired to shut down one 
or more of them, the valves at the branches are closed and 
the automatic controller does the rest. 

For getting rid of ash and smoke, the front side walls of 
the fiunaces are built out and a sheet steel hood is placed 
directly across the front of each furnace, the bottom of the 
hood resting just above the work opening; each hood is 
tapered into a small pipe and connected to an exhaust 
main. At one end of the shop an exhauster is placed to 
which this exhaust main is connected and the content^ 
discharged into a separator placed outside of the 
Underneath the separator is a storage bin, froiD 
ash can be removed. 



CHAPTER V 

POWDERED COAL IN THE CEMENT INDUSTRY 

Among the various applications of powdered coal, 
the first was in the manufacture of cement. 

About forty-three years ago, Mr. William Sweet of Dil- 
worthy Porter & Company, was using powdered coal, em- 
ploying a screw and fan to inject the coal into the fimiaces. 
The coal was simply crushed as fine as it could be between 
ordinary rolls and this lack of the fineness required for 
burning probably accounted for the failure of the project. 

For the past thirty years there have been suggested many 
schemes for burning powdered coal in cement plants, under 
boilers and in heating furnaces. A large number of burners 
and processes have been introduced with varying degrees 
of success. 

During the early years of the cement industry in this 
country, ail was employed as a fuel by spraying it into the 
lower end of the furnace with a jet of compressed air or 
steam. The use of oil was successful, but due to the in- 
creasing cost after 1895, very expensive. From 1897 to 
1900 the increase in price was so great as to make the 
use of oil almost impracticable commercially. This fact 
has been the principal incentive for developing the use of 
powdered coal. 

In 1894 a series of experiments on the use of powdered 
coal was begun by the Atlas Portland Cement Company. 
These were in inunediate charge of Messrs. Hurry and 
Seaman, Chief Engineer and Superintendent respectively. 
They led to many discoveries, the invention of various devices 
and finally to the commercial development of the art. 
Hurry and Seaman are entitled to the credit of having been 
the first successful users of powdered coal in the cement in- 
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dustry. This use was begun in 1895 by the Atlas Company 
and has never been discontinued. Other engineers working 
along independent lines attained success a few years later. 
Possibly they received some assistance from information dis- 
seminated throughout the industry relating to the results 
obtained by Hurry and Seaman. At the particular date 
referred to, every mill in the industry jealously guarded 
information regarding details of manufactm-e as valuable 
trade secrets. Consequently, little or no direct information 
as to details of processes or machinery employed was com- 
mon in the different mills. The information which leaked 
out was generally inaccurate and inferences were based 
on speculation or rumors. The success of the process of 
burning powdered coal in the Atlas plant was not generally 
realized until about 1900, when the process was put in opera- 
tion in various other plants by independent investigators. 

Portland cement is manufactured from a mixture of 
materials containing lime and silica, which are brought 
together in definite proportions and caused to unite in chem- 
ical combination. The raw material is principally carbonate 
of lime, or limestone in some form, with clay or shale. The 
materials are pulverized raw and mixed, either in the form 
of a dry powder or in a wet condition. They are then 
deUvered to the kiln, where they are subjected to an ex- 
tremely high temperature, at which the required chemical 
combinations take place. In the early days of the art, 
fixed kilns were employed, but at the present time the rotary 
kiln is almost universally used. 

According to Prof. R. C. Carpenter (Trans. A.S.M.E., 
Vol. 36), the rotary kiln in its essential features was patented 
by Siemens in 1869, and in combination with a gas burner 
and other appliances, by Ransome in 1885. It was not found 
successful for cement burning in England, but was improved 
and developed in the United States by the Atlas Company 
about 1890, and by other American companies, to such a 
degree that it displaced practically every other method of 
burning Portland cement. 
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" The modem rotary cement kiln consists of a slightly 
inclined steel cylinder momited on steel rollers and arranged 
so that it can be revolved. The upper end is connected 
with a stack or chinmey which permits of the escape of dis- 
charge gases. The raw cement material, in the form of dust 
or ' slurry,' enters the upper end of the kiln. At the lower 
end of the cylinder is a stationary hood which affords a dis- 
charge opening for the burned material and which also acts 
as a support for the fuel-supplying devices. The rotary cylin- 
ders are of various dimensions. The tendency has been con- 
tinually to increase the size of cylinder. Thus, for instance, 
in 1890 the rotary kilns were in some instances 4 ft. in 
external diameter and 40 ft. in length. From 1895 to 1902 
kiln dimensions were quite generally 6 ft. in diameter and 
60 ft. long. At the present time kilns 10 ft. in diameter and 
160 to 200 ft. long are conmion. The Atlas plant at Hudson 
is equipped with kihis 12 ft. m diameter and 275 ft. long. In 
most of the late installations the kilns are true cylinders 
having the same diameter at each end; but in many plants 
kilns are to be found with the diameter at the top about 
1 ft. less than that at the bottom, the two parts being 
connected by a tapered section forming the frustiun of a 
cone. 

" The rotary kiln is lined throughout with a fire-brick 
lining, except in rare cases where a very wet slurry is em- 
ployed, in which case the lining for a short distance from the 
upper end is omitted. The temperatm-es in the combus- 
tion chamber required for burning cement clinker are from 
2800 to 3000° F. To withstand these high temperatures a 
lining having high refractory qualities must be employed. 
It must also have the quality of withstanding decomposi- 
tion by the chemical action taking place in the kiln. The 
problem of kiln linings has been a serious one. The lower 
part especially has to be repaired frequently unless condi- 
tions are imusually favorable." 

The kiln is so operated as to keep the lining coated with 
the cement mixture for the purpose of protection. 
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Fig. 22 shows the general features and arrangement of 
the various operating parts of a typical rotary cement kiln. 
In this illustration the kiln is shown at C, the flue for dis- 
charge gases at B, the supporting rolls at D-D, the sta- 
tionary hood at the lower end at £, the rotary clinker cooler 
at G, the clinker pit at F, the blower for supplying compressed 
air at H, the coal bin at K, the feeding injector for coal 
dust at J, the conveyer for delivering coal to the fuel tank 
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Fig. 23. — Injector for Cement Kiln. 



at L, and the dust bin for raw material at A. The hood, E, 
is usually mounted on rolh so as to be easily moved away 
when repairing the kiln. It is customary to supply a sepa- 
rate stack for each kiln, although in some cases one stack 
received the discharge from two kilns. In a large instal- 
lation it is customary to supply the air for several burners 
from one blower. In the installation shown, the blower 
draws in air which has first been warmed by passing through 
a rotary cUnker cooler. 

Fig. 23 gives an idea of the character of the combustion 
which takes place in the burning of powdered coal in a 
cement kiln. The powdered coal is delivered to the kiln 
by a jet of air which impinges on the fuel dust with force 
enou^ to discharge the dust into the kiln. The compressed 
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air may be obtained from a fan or a compressor, as may be 
convenient; the illustration shows both schemes. 

The injector varies greatly in dififerent constructions, but 
in all cases it performs the function of injecting the coal 
dust into the kiln by a jet of air. It always consumes less 
than the amount needed for combustion. The additional 
air needed for combustion enters the kiln principally through 
openings in the hood and through the discharge duct for 
cUnker. Such openings are shown in Fig. 23 by arrows 
at points marked a. The amount of air supplied by the 
compressors or fans should be sufficient merely to carry the 
dust into the kiln without producing a combustible or 
explosive mixture. The fuel dust enters the combustion 
chamber of the kiln in the form of a black cloud and burns 
like an elongated torch, as indicated in Fig. 24. The length 
of the flame in actual kiln constructions is generally from 
25 to 40 ft., although this is affected by local conditions. 
The diameter of the flame in some places may be very nearly 
equal to that of the combustion chamber. Under the best 
conditions of burning the flame does not perceptibly im- 
pinge against the side walls of the kiln, and the heat utilized 
is practically all given off by radiation. 

EDISON SYSTEM 

In 1904, Mr. Thomas A. Edison designed and patented 
a method of burning Portland cement clinker by the use 
of powdered coal, which is described as follows : 

The invention consists in a method whereby a greater 
amoimt of fuel may be consmned in kiln cylinders without 
raising the temperature to which they are now usually 
subjected. Thus the desired quality of material is seciued, 
while the output thereof is largely increased. 

" The rotary cylinder burners heretofore in common use 
for biuning Portland cement materials consist of a Cj^indiir 
about 60 ft. in length lined with fire brick and 
inside diameter of from 4 to 5 ft., the '" " ' * 
a slight angle and the powdered oofrT 
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end thereof. The rotation of the cylinder, by reason of its 
inclination, slowly advances the material toward and out 
of the lower end. The speed of progression of the material 
lengthwise through the cyUnder depends upon the speed of 
rotation and the inclination of the cylinder. The exit 
or lower end of the cyUnder opens into a closed chamber 
provided with an orifice at the bottom through which the 
burned material may make its exit. 

" With such cylindrical kilns as have heretofore been 
used, there is inserted in this chamber, in an axial Une 
with the bore of the cylinder, a nozzle, through which 
(by means of compressed air) a stream of powdered coal is 
projected into the cylinder and there consmned. Total 
combustion of the powdered coal takes place within a rela- 
tively limited distance near the lower end of the cylinder, 
such distance being perhaps not over 20 ft. The very high 
temperature necessary for the final cUnkering of the cement 
materials is restricted, however, to a much smaller distacce 
— say about 8 ft. of the length of the cylinder. With 
cylinders of the dimensions indicated, and providing for 
total combustion of the powdered coal in approximately 
the distance mentioned, about 2800 lb. of cement clinker "* 
are produced per hoiu* with an expenditure of about 800 lb. 
of coal dust, the maximum temperature reached being 
approximately 3000° F. The gases of combustion are swept 
forward in the cylinder and impart their heat to the advanc- 
ing material, finally finding their exit through a stack at 
the feed end at which the cold material is introduced. The 
compressed air for projecting the powdered coal through the 
nozzle into the cylinder being insufficient to effect its 
complete combustion, the additional air necessary for that 
purpose is introduced through the exit orifice for the 
burned clinker. This supplementary air is drawn in by 
reason of the draft created by the stack and by the com- 
pressed air. The small amount of material which passes 
through the cylinder has so limited a capacity for the 
absorption of heat when it enters the contracted zone of 
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high temperature that it effects very little lowering of 
temperature. In practice it is necessary that the tempera- 
tiu^ in the contracted zone, or in the zone of effective 
clinkering, should not vary except within narrow limits. 
If the temperatiu^ is too low the chemical reaction neces- 
sary to form good cement does not take place, or only 
partially so; while on the other hand if the temperatxu^ is 
too high the clinker will be nearly melted, and when thus 
over-burned, imdesirable chemical reactions take place, 
making an improper cement. If with the proper propor- 
tions of coal and air, adjusted to produce the desired 
clinkering temperatxu^, the amoimt of material fed into 
the cylinder is doubled, with a corresponding increase 
in the amount of fuel and air, then twice as much coal will 
be burned in substantially the same distance, and the 
temperatiu^ will therefore rise to so great an extent that the 
material will be over-burned and the fire brick lining of the 
cylinder will suffer injiuy. The additional amount of 
material fed will not be sufficient materially to lower the 
temperature in the clinkering zone, and hence with usual 
cylinders as now arranged and operated the output is 
nearly fixed and cannot be exceeded." 

The Edison invention covers a method by which the 
output of material, with burners of the type described, can 
be very greatly increased. This is accomplished by alter- 
ing the conditions of combustion and extending the area 
of high temperatiu^, i.e., the clinkering zone, over a greater 
length of the cylinder. The kiln is thus enabled to bum 
a very much greater amoimt of fuel, and carry through 
the cylinder and properly bum a very much greater amount 
of cement or other material, without raising the temperature 
in any part of the zone of maximum heat above that required 
to secure proper results. To this end there are employed 
two or more combustion zones within the cylinder, each pro- 
viding for a zone of clinkering heat. The point of maxi- 
nium temperature of one zone is preferably made closely 
adjacent to the point of maximum temperature of the second 
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zone, so as to secure anywhere between such points a suf- 
ficiently high temperature to obtain the desired clinkering 
effect. 

In this way it is possible to secure within the burner a 
much larger proportional area of effective combustion with 
relation to the quantity of fuel used than is now possible. 

To illustrate the principle generally, assume two nozzles 
to be employed, one being supplied with powdered coal and 
air at say, 50 lb. pressure per square inch, which serves to 
throw the fuel with great velocity into the cylinder, so 
that the center of its zone of combustion is say, 25 ft. from 
the exit end of the cylinder: and the other being supplied 
with coal and air at say, 20 lb. pressure, so that the zone of 
combustion thereof will be located between the first zone 
and the exit end. The colimms of air and powdered coal 
from the nozzles, on accoimt of their great velocity, pass into 
the cylinder for a considerable distance before spreading 
and before the temperature of either reaches the com- 
bustion point. By employing a number of nozzles, sup- 
plied with air at different pressures, and with the proper 
amount of coal fed into each, a very large amoimt of coal 
can be burned; and the extent of the zone of clinkering 
temperature may be increased. Thus the output of finished 
material may be largely augmented. In this way a con- 
siderable saving is secured in investment and operating 
labor per ton of output; while an additional saving is secured 
in the dimimition of the amount of coal necessary to bum a 
given amount of material, because of the diminished loss by 
external radiation. 

In other words, by directing the different colimms or 
streams of powdered coal within the cylinder so that the 
areas of combustion will, so to speak, " overlap," it is pos- 
sible to secure an additional area of clinkering temperature 
or an additional zone of high heat ; which cannot be secured 
with a single burning column of fuel or with a plurality of 
such coliunns of fuel separated to too great an extent. 
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KILN CALCULATIONS 

Adequate drying of the coal is generally considered 
essential, although for some small plants the writer has seen 
kilns in operation on coal which had not been dried. Wet 
coal has a detrimental effect on feeding and on the capacity 
of the kiln. The effect of the moisture; however, depends 
upon the kind of coal, so that no limit can be definitely 
stated as essential to success in advance of a trial. 

According to Carpenter, the weight of powdered coal 
required per barrel of cement varies somewhat with the 
character of the kiln and the character of the process. In 
the dry process of manufacture, the weight of coal is from 
83 to 100 lb. per barrel of cement. In the wet process the 
coal varies from about 35 to 50 per cent of the finished 
product, that is, from 133 to 190 lb. of coal per barrel. 
The theoretical amount of coal required disregarding the 
heat due to the formation of silicates of lime and alumina, 
is probably not far from 30 lb. per barrel, provided 10,000 
B.t.u. per pound of coal are utilized. Continuous atationary 
kilns are reported as consuming 12 to 16 per cent of fuel 
of from 45 to 60 per barrel of cement. 

" The capacity of the modem kiln in barrels per twenty- 
four hours when operating on dry material with flue gases 
at about lOOO*' F. may be approximately expressed by the 
following formula: 



C = 



24 



where C = capacity in 24 hours, in barrels of 380 lb. ; 
D = outside diameter in feet ; 
L = length in feet. 

" The economy of the kiln has been increased by in- 
creasing its length. This is due in part to a change in proc- 
ess of burning: the CO being driven off from the material 
before it reaches the combustion zone in the kiln: and in 
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part to a reduction of losses. The saving due to the use of a 
150-ft. kiln in place of a 60-ft. kiln has exceeded 20 per cent 
in fuel, and in addition has cut down the labor required 
in operation more than one-half. Kilns can be operated 
with a stack temperature of less than 1000** F., but in such 
event the capacity is lessened and the result is generally an 
increase rather than a decrease in cost. 

" Mr. Richard K. Meade, in his book on Portland cement, 
gives the following calculation as to the heat necessary 
per 100 lb. of raw material : 

Heat required: B.t.u. 

Decomposition of 75 lb. CaCO 75 X 784 = 58,800 
Decomposition of 4 lb. MgCO 4X384= 1,536 



60,336 



Heat supplied: 
Burning of 0.3 lb. sulphur 0.3 X 4,050 = 1,215 
Burning of 0.8 lb. carbon 0.8X14,540 =11,632 



Balance to be supplied by fuel: 60,336 

12,847 



12,847 



47,489 B.t.u. 

" About 600 lb. of raw material are needed per barrel, 
so that the total heat required per barrel would be 284,934 
B.t.u., disregarding the effect of the silicates. The combi- 
nation of the silicates and lime gives off heat. The amount 
is in doubt as the exact resulting composition of the silicates 
is not known. A certain combination might produce 
44,700 B.t.u. per 100 lb. of raw naaterial; this is hardly 
possible as it would reduce the heat to be supplied to 2789 
B.t.u. per 100 lb. of raw material or to 16,734 B.t.u. per barrel 
of cement. At 47,489 B.t.u., with coal evolving 10,000 
B.t.u., the weight of coal per barrel of cement is 47,489 X 
10800 = 28.5 lb. 

'' The principal cause of lack of economy in the rota* 
kiln is the excessive flue loss. Dr. Joseph W. R 
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has reported the following distribution of heat losses in s 
6by60-ft. kiln: 

36 per cent due to excess air in chimney gaaes, 

36.1 per cent due to excess temperature of necessary products of 
combustion, 

10.7 per cent in hot clinker, 

12.8 per cent in radiation and convection. 

" The above investigation indicates about 72 per cent 
of flue loss of which one-half is due to poor operation and is 
preventable. 

" In order to utilize the waste heat in the stack, it was 
arranged in the Cayuga Lake plant to pass the discharge 
gases of two kilns through a boiler and an economizer, the 
draft being maintained by a fan. It was also arranged to 
heat the air entering the kilns by drawing it through the hot 
clinker discharged from the kilns. The kilns were 60 ft. in 
length, 7.5 ft. in diameter at the lower end and 6.5 ft. in diam- 
eter at the upper end. The results are shown in Table 1. 

Table 1 
two kilns 7j and 6* by 60 feet 

Coal consumed per hour, lb 1,888 

Clinker specific heat, 0.2 

Clinker produced per hour (CaO=62 per cent), lb 8,018 

Weight CaCO. per hour, computed, lb 8,875 

Moisture in raw material, 3.1 per cent 

Weight COi per hour from material, lb 3,660 

Weight of air supplied per lb. of coal, 44 per cent excess, lb. . 16.1 

Total weight of air supplied per hour, lb 32,297 

Wdght ei wr Bupt^ied by coal feedera per hour, lb 5,850 

if gases dLsi-liarged per hour, lb 37,749 

^jer lb . of gas, 0.23X (1800-100), B.t.u 391 

1,213 



hiid.deg. F 23.->O-2!M)0 

«rt, deg. F 2y(iO-iyX> 
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" From the data in Table 1, Table 2 has been computed, 
showing the approximate distribution of heat throughout 
the process. 

Table 2 

APPROXI^UTE DISTRIBUTION OF HEAT 

B.t.u. Per Cent. 

Heat entering kilns from clinker cooler 2,041,000 

Heat entering kilns from combustion of coal 26,450,000 

Heat produced from chemical reactions 632,206 

Total heat supplied 29,123,206 100.0 

Discharged from kihi to boiler 14,859,859 51 .2 

Discharged with clinker (8018X2X500) . . . 4,409,540 15. 1 

CaCO, decomposed (8875 lb. at 765 B.t.u.) . 6,789,375 23 . 3 

126 lb. sulphuric anhydride liberated 238, 1 40 0.8 

252 lb. water evaporated 303,200 1 .0 

Radiation and unaccounted for 2,523,092 8 . 6 

Radiation per sq.ft. of surface of kiln per hr.. 974 

Heat absorbed by boiler from kiln gases . . . 8,798,328 30 . 5 

Heat absorbed by economizer from kiln gases 1 , 1 78,998 4 . 

Stack loss and boiler radiation 4,882,533 16.7 51.2 



" The investigation thus showed that about 50 per cent 
of the heat was discharged into the stack and of that amount 
about 68 per cent could be utilized in a boiler and economizer 
so that the ultimate necessary flue loss was only about 
17 per cent of the heat in the fuel." 

UTILIZATION OF WASTE HEAT 

In the cement industry, very few attempts have been 
made to utilize the heat of the escaping gases. The reason 
why the waste heat has not been utilized to a greater extent 
is, no doubt, the difficulty of arranging and maintaining 
the waste heat boilers. 

Although the temperature of the kiln stack gases has 
been considerably reduced with the advent of the long 
kiln, these gases are still discharged at temperatures which 
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justify installations of equipment for the utilization of the 
heat in the lai^ volumes of hot gases which are constantly 
dischai^ed from the furnace. 

One method of utilizing the heat in these gases stands 
out prominently on account of the economical results 
obtained. This system contemplates passing the kiln gases 
through a rotary dryer placed directly behind the kiln. 

Such a dryer should be so proportioned in relation to 
the kiln that no condition can be produced which will 
tend to reduce the capacity of the kiln. The diameter 
of dryer should be at least equal to the bore of the kiln, 
so that the dryer will not have a dampening efiEect on the 
draft. The kiln and dryer should be served by separate 
stacks, of the same diameter and height, so that the kiln 
may be operated either independently or in unison with the 
dryer. The stack chambers serving the kiln and the dryer 
should be Uberally proportioned, so that the gases will not 
be subjected to any interference as they leave either the kiln 
or the dryer. Between the kiln stack chamber and the 
dryer there should be a removable hood, to permit free 
access to the dryer without interfering with the continuity 
of operation of the kiln. A rotary kiln dischai^ng its 
waste gases through a properly proportioned dryer will 
not only furnish sufficient heat for effectually drying the 
raw materia! for a number of kilns, but in addition will 
produce as much clinker per pound of coal as will the same 
size of kiln not coupled to a dryer. A kiln 8 ft. in diameter 
120 ft. long, coupled to a dryer 7 ft. in diameter and 50 
ft. long, kiln and dryer each being served by a 7-ft. stack, 
100 ft. high, will have the same capacity and will show the 
same fuel consumption as an onlinary kiln of the- ^^amc 
size discharging its gases uf combustion to the atmosptifn- 
through a stack of the same dimensions as the s 
ing the coupled units. 




CHAPTER VI 

APPLICATIONS OF POWDERED COAL TO REVERBERATORY 

FURNACES 

The losses and nuisances arising from flue dust in blast- 
furnace smelting, no less than the better fuel ratio and 
tonnage obtained with powdered coal, are leading to a grow- 
ing use of that fuel for reverbatory furnaces. The latter 
type of furnace also furnishes opportunity for the proper 
handling of converter slag derived from basic ores. The 
principal difficulty attending this appUcation of powdered 
coal have arisen from the choking-up of flues by adhering 
layers of ash: and this difficulty is minimized by using 
straight flues free from abrupt changes of area. The 
deposit of a silicious surface over the charge is made impos- 
sible if the coal is positively and regularly fed to the furnace. 

Two papers on this subject presented to the American 
Institute of Mining Engineers in February, 1915, describing 
plants of the Canadian Copper Co., Washoe Reduction 
Works and Anaconda Copper Co., are reproduced here by 
special permission of the writers, the late Dr. David H. 
Browne, Metallurgical Engineer of the International Nickel 
Co., and Mr. Louis V. Bender of the Anaconda Copper 
Mining Company. 

{Paper by Dr. David H. Browne) 

CANADIAN COPPER CO. 

" The use of coal dust reverberatory furnaces was for 
the Canadian Copper Co. a matter of necessity, and not of 
choice. For twenty years smelting had been done in blast 
furnaces alone, and with the Herreshoff furnaces used prior to 
1904 there was no trouble in treating fine ores. But Uttle 
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flue dust was produced, and this, following the time-honored 
custom, was wet down and put back with the charge. 
Whether the flue dust was really smelted or whether it was 
worn out by beii^ chased around in a circle, was a problem 
that troubled no one. 

" With the installation of modern blast furnaces and high- 
pressure blowing engines in 1904, flue dust commenced to 
assert itself. Evidently more dust was made than could be 
smelted, but so many vital problems engaged attention at 
this time that this minor question was pushed to one side. 

" In 1906 details of blast-furnace smelting and the 
conversion of matte had been worked out to a satisfactory 
conclusion and the ever-increasing piles of flue dust and fine 
ore in the stock yard demanded serious consideration. Nu- 
merous experiments in sintering, briquetting, mixing with 
converter slag to form blocks of fine dust with green-ore 
fines and cement, and so on, were undertaken. None 
of these showed much promise. The problem was still 
further complicated by the question of treating converter 
slag. The ore was basic, the slag was not needed as a 
furnace flux, and it was felt that under these conditions the 
old method of pouring slag in molds and remelting in the 
blast furnace was an unnecessary expense. If the converter 
slag could be settled in baac-lined reverberatory furnaces, in 
which (at the same time) flue dust and green-ore fines could 
be smelted, two problems might thus be solved at once. 

" Reverberatory practice with these ores was, however, 
imknown. As carried oiit in the West, on silicious ores 
and concentrates, at least 25 per cent of fuel was required, 
and even this ratio varied greatly with the skill uf tlie 
fireman. Tlie lack of skilled labor, the diffiwU^ ci reoove-T- 
ing imbumed coal from the ash by water QUfliflfiMJBQ dur- 
ing Northern winters, and the difficulty ■^^^^^Hjjt, if 
recovered, in a plant using no st«am | 
tainty of the effect of highly basic chj 
walls, and entire local unfamiliarity i 
practice, caused a postponement of d 
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'' Id the En^eeriDg and MiniDg Journal of February 
10| 1906, Mr. S. S. Sorensen, describing certain experiments 
at the Highland Bay Smelter, called the attention of the 
metallurgical world to the possibilities of powdered coal as a 
reverberatory fuel. While Mr. Sorensen's experiments 
did not lead to the adoption of powdered coal at Highland 
Bay, they showed clearly that increased tonnage could 
be attained with decrease fuel consumption, and that such 
difiSculties as he encountered were largely mechanical and 
presumably removable. Mr. Sorensen was probably the 
pioneer in the use of powdered coal in reverberatory furnaces. 

" His experiences were supplemented by Mr. Charles 
Shelby, who in an able article in the Engineering and Mimng 
Journal of March 14, 1908, described his investigation of 
the use of powdered coal in a reverberatory furnace at Cana- 
nea. Mr. Shelby experienced trouble from the sticking 
of ash in the flues and from the formation of a silicious 
blanket over his charge; but, until blocked by these con- 
ditions, he attained better results, both in tonnage and in 
fuel ratio, than had been obtained by grate firing. A 
profitable contract for the purchase of fuel oil led to the 
discontinuance of these experiments, but enough had been 
done to show that the subject was worthy of further investi- 
gation. 

" In October, 1909, the Tepoe Valley smelter (of which 
Mr. Sorensen was the Superintendent) was visited by the 
writer. We went over the details of the Highland Bay 
experiments together and agreed that with proper attention 
to structural and mechanical details the troubles there experi- 
enced would be avoided. In the same month Mr. Shelby 
was interviewed regarding the difiSculties encountered at 
Cananea. These also seemed avoidable. It was evident 
that if the problem could be worked to a successful issue, 
the fuel ratio, then usually about 4 to 1, might be raised to 
6J or 7 to 1. This warranted considerable expenditure in 
working out the details of practice. 
' " In visiting all of the prominent Western smelters in 
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that year (1909), it was found that the proposal to use pow- 
dered coal on a large scale was received with more interest 
than enthusiasm. As a rule, investors were skeptical as to 
the expediency of starting a new plant on a practically 
unproved method. 

" During the fall of 1909 Mr. George E. Silvester visited 
the cement factories in the Eastern states in order to study 
the proper method of grinding and burning coal. His 
report confirmed the opinion that the process was prac- 
ticable, and during the winter plans were drawn for a rever- 
beratory furnace plant to use powdered coal as a fuel. 

" The mechanical difficulties encountered at Highland 
Bay and at Cananea consisted chiefly of two things, viz. : 
the stoppage of flues with accumulations of ash, and inter- 
ruptions and insularities in the coal-dust feed. It had been 
demonstrated in cement plants, however, that the operations 
of feeding and burning powdered coal could be made quite 
as continuous, as uniform, and as easily regulated as feeding 
fuel oil; provided only, that proper methods were used in 
the preparation of the coal. 

" A plant equipped with the latest appliances for dry- 
ii^ and pulverizing coal was therefore designed, to be located 
in a fireproof building, entirely separated from the rever- 
beratory furnace building. Especial care was taken to 
specify that all bins, conveyors, etc., for the powdered coal, 
be made as nearly dust-proof as possible by the use of 
rubber gaskets, to eliminate the danger of dust explosions. 
To circumvent, if possible, the trouble from accumulations 
of coal ash, an entirely new arrangement of furnace flue 
was designed, the idea being to eliminate the several right- 
angled bends in commoa use, and to provide, as far as 
poBsiblr, a straightway ~ r the gases. In following 

out thi^ idea, the skimx ) taken from its tradi- 

tional position at the i oace and placed on 

the side, ontailiitg tilAJ 'y* of nothing but 

the tradit' 

" As -"iste gases was 
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not an essential feature of the installation, hydro-electric 
power being used in the plant, the waste heat boiler was made 
entirely a secondary consideration, and was situated so as 
not to interfere in any way with the straightway idea, 
whether in use or by-passed. 

" In February, 1910, in company with Mr. Silvester, 
the Western smelters were visited to obtain information on 
reverberatory practice. Mr. Sorensen was keenly inter- 
ested in Mr. Silvester's plans, in which he advised a few 
modifications of minor details, while approving the ideas as 
a whole. 

" In April, 1910, the Canadian Copper Co. authorized 
construction, and work was begun at once. As the entire 
site of the proposed plant had to be raised 11 ft. above the 
yard level, and a large amount of rock cutting and filling 
was necessary on the hillside where the bins and approaches 
were planned, active construction did not commence until 
December 23, 1911. 

" As built, the original furnaces were lined with basic 
brick, and the hearth was an inverted arch of magnesite. 
The furnaces went into operation before any means of dry- 
ing the flue dust was pro\dded, and during the winters of 
1911 and 1912, a large amount of charge, wet and frozen as it 
came from the piles, was shoveled in through the doors of 
the furnace. All the converter slag was poured in; at first 
through a door near the fire end, just as scrap is charged in 
an open-hearth furnace. 

" The introduction of so much cold air and cold material 
made it impossible to attain any satisfactory fuel ratio. Dur- 
ing the first five months, 21,406 tons of cold charge and 
43,463 tons of converter slag were smelted with 9609 tons 
of coal. This shows a ratio of 6.7 tons of total charge per 
ton of coal, but of only 2,2 tons of cold charge per ton of coal. 
However, as the cold charge was wet and often frozer, 
better results could probably not be expected. 

" The combustion of fuel was satisfactory from the start, 
no trouble being experienced either in grinding or in burning 
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the coal. The ash, while working on cold charges, choked 
and clogged the flue at the throat. This difficulty was not 
eliminated until later, when hot calcines were used and a 
larger tonnage was smelted. In general, the more slowly 
the furnace worked, the colder was the ash and the more it 
stuck and accumulated; while the faster it was driven the 
less did the ash hang back in the furnace. Under present 
conditions, with rapid smelting, the ash is a negligible 
factor. 

" In the summer of 1912 the roof and side walls were 
repaired, and some facilities provided for drjdng the charge. 
In the winter of 1912 four wedge furnaces were built to 
roast green-ore fines. These went into operation in March, 
1913. At this date we ceased to run converter slag in the 
reverberatory furnaces, since with the opening of No. 3 
mine the blast furnace charge became more silicious and 
slag could be used economically as a flux. 

" During the next year very pronounced improvements 
were made by Mr. Agnew, then Superintendent of the smel- 
ter, who with his foremen, Messrs. Kent, McAskill and 
Mason, worked out and adapted to our use a modification 
of the Cananea system of side-fettling. Long and shallow 
pockets were provided along the side wall, through holes 
in which the green-ore fines were fed to protect the sides. 
This naturally led to bricking up all the doors on the fur- 
nace, and marked improvement resulted from the exclusion 
of cold air and the insulation of the walls by a non-conduct- 
ing and continuously renewed blanket of fines. 

" As the walls were thoroughly protected by the charge 
thus introduced, the use of basic brick in the walls and hearth 
was no longer neceasajryi ' " ^^ change, in October, 

1913, was to the mMam -alls customary 

in Western smelters. ^M 

''In 1914 the HaM otioe were 

steadily improving. jJH 9 months 

in 1914, one revert in the 

tabulation below. 
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1914— CANADUN COPPER COMPANY 



Furnace, days 

Calcines, tons 

Blast furnace, flue dust, tons 

Wedge furnace, flue dust, tons . . . 

Converter slag, tons 

Green-ore fines and samples, tons. 

Total charge, tons 

Coal, tons 

Charge per day, tons 

Coal per day, tons 

Ratio of charge to fuel 



January. 



31 

10,020 

906 

171 

69 

1/731 



12,897 



o 



February. 



28 

9,460 

922 

193 

248 

1,326 



12,149 



,575 


2,150 


416 


434 


83 


77 


5.0 


5.65 



March. 



31 

10,860 

847 

180 



2,308 



14,195 

2,094 
458 
67 
6.77 



'' In the summer of 1914 a change was made in grinding 
the ore fines for the wedge furnace. The ore, which was 
previously too coarse to make a good calcination, was treated 
in ball mills, and screened, so that only about 14 per cent 
remained on a 20-mesh screen, instead of the former 40 
per cent. This finer-crushed ore could not be produced in 
sufficient quantity to keep the furnace up to its capacity. 
Furthermore, when the calcines dropped, on account of 
this finer grinding of the ore, from 13 per cent of sulphur to 
7 or 8 per cent, the production of slag increased and the 
production of matte fell oflf. These conditions, with the 
shortage of calcines, militated against a high ratio of charge 
to fuel, and in June, 1914, the fuel ratio was 5.35. 

" The above narrative is introduced to show the gradual 
development of the process, and the conditions which have 
brought about changes from the original plans. We now 
consider some details of construction. 

" The area occupied by the reverberatory-furnace build- 
ing was raised about 11 ft. above the siuroimding yard by 
pouring furnace slag between concrete retaining walls, 
which were protected as the filling progressed by spreading 
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clay against the concrete. At distances of 56 ft. apart, 
on the center lines between the furnaces, tunnels 12 ft. 
wide were provided in this slag foundation. These tunnels 
were to carry tracks so that the reverberatory furnaces 
built on this poured-slag area could be tapped into pots 
at the level of the yard. The furnaces are skimmed into 
25-ton pots at the yard level. (Figs. 27 and 28.) 

'* Under the lines where the furnace side walls were to 
go, concrete footings were introduced, and between these 
footings transverse rods were laid in iron pipes. Then the 
slag pouring was continued. The tie rods carried anchor- 
plates which held the footings under the furnace walls to- 
gether and took up the lateral thrust at the foot of the side 
buckstays. Under the furnace hearth, the slag filling rose 
12 in. above these concrete footings. On the concrete 
footings were erected the siUca-brick furnace walls. 

'* The horizontal dimensions of the furnace are 23 ft. 
6 in. by 116 ft. 9 in., outside of the brickwork. 

'* The side walls arising from the footings inclose 12 in. 
of poured slag which extends under the silica hearth. The 
side walls are carried up 27 in. in thickness to a height of 
3 ft. 4f in., making the total height of the side walls 8 ft., 
9 J in., up to the point where the cast-iron skew block is 
laid for the arch roof. This height is maintained for a 
distance of 34 ft. from the fire end, from which point the 
skewbacks slope down to correspond with the slope of the 
arch roof referred to above. 

*' The end or fire wall is 3 ft. 6 in. wide at the bottom 
for a height of 2 ft. and is then stepped back to 22^ in. at a 
height of 3 ft. 8 in., and again stepped back to a width of 
13^ in. at a height of 6 ft. 3 in. At the other end of the 
furnace, commonly called the skimming end, or front, the 
construction is very heav>% to resist the end thrust of the 
hearth. It consists of a brick block, 6 ft. wide and 3 ft. high, 
which is stepped back to a width of 2 ft. 6 in. at the throat, 
at which point it is 4 ft. 9 in. high. 

^^ The roof at the fire end is of 20-in. silica brick. The 
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height at the skewback is 7 ft. 9\ in. above the bottom of the 
quartz hearth. The central line is 9 ft. 9f in. above the same 
point. The radius is 29 ft. 3^ in. on the under side of the 
arch. 

"" When the hearth is in. the inside arch at the center 
is from 7 ft. 9f in. to 7 ft. 1 1| in. above the top of the hearth 
and about 6 ft. S in. above the skim line, or 4 ft. 8 in. above 
the center line of the coal dust nozzles. 

"' This height of arch is maintained for a length of 34 
ft. from the outside or fire wall. In the next 12 ft. the arch 
drops 22f in., gi\'ing a height of from 5 ft. 11 in. to 6 ft. 1 in. 
above the top of the hearth and about 4 ft. 10 in. above the 
skim line. This height is continued straight through to 
the throat of the furnace. 

*' The 20-in. silica arch bricks are used for 31 ft* on the 
straight arch and for 12 ft. more on the sloping arch. The 
remaining portion of the roof is of 15-in. brick. As the hei^t 
of this roof has been changed at various times, the heights 
given for the roof at various points are not exactly correct 
at present. 

" There are no side doors to the furnace. As ori^naDy 
built, doors were set on 12-ft. centers, but these have been 
filled up. so that the side walls present a continuous face 
of silica brick 22§ uk thick. 

** The hearth is sihca sand tamped in place. No binder 
has been used, though better results might have been 
obtained had some base been introduced. After about 
five days firing, 50 tons of high-grade matte were put in to 
saturate the bottom. If steam frv>m the sihca sand came 
through the walls the heat was cut off for twenty^our 
hours to allow the moisture to escape. Some patches ct 
bottom floated up. but not enough to interfere with sid>> 
sequent operations. This bottom is almixst flat, being 
24 in. thick at the end walls and 22 ir.. thick at the ti^ 
hole. 36 ft. from the fine wall. In building the side wrnDs^ 
wood strips wese introduced to pn>\ide for expansion. 
These wood strips [\ in. thick) were placed eveij* four brickB 
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on the inside and between every six bricks on the out- 
side. As these burned out they allowed the brick to expand 
horizontally. The arch is laid in separate sections 10 to 
12 ft. wide, with the usual wooden expansion wedges 2 
or 3 in. thick between sections. 

" The side waUs, built as described, are carried straight 
to a point 26 ft. from the throat, where they curve inwardly, 
the space of 19 ft. 9 in, between them being narrower up 
along the line of gradually increasing curvature to a width 
of 8 ft. 8 in. at the throat. At this point the opening is 4 ft. 
3 in. high at the center and 3 ft. 9 in. at the sides. The arch 
here is about 4 ft. 8 in. above the skimming line. 

" From the throat a straight flue 8 ft. 8 in. wide leads to 
the waste heat boilers and to the stack. Openings are 
provided along the side of this flue for cleanii^ out any 
deposited ash. An opening opposite the throat is provided 
by raising the bottom of this flue about 18 in. above the 
throat and introducing a door in the space thus formed. 
This is tiseful for removing any accretions of ash fused in the 
throat. The skimming door is placed on one side of the fur- 
nace, 16 ft. 6 in. back from the throat. This door, 2 ft. 6 in. 
wide by 15 in. high, allows slag to run off down to a skimmii^ 
line 14^ in. above the hearth at the tap hole. The slag 
can rise 6 in. above this line before reaching the level of 
the side doors now bricked up. Outside the skimming 
door a cast-iron clay-lined box is provided to trap any matte 
carried over. From this the cast-iron slag launder curves to 
a line ahuost parallel with the furnace and delivers the slag 
into 25-ton pots, which are brought in on track at right 
angles to the furnace under the flue. 

"The furnace is fe( rather peculiar way. When 

the funiace was started. '. of the charge was intro- 

dua^d through two ohgj ear the fire end, as m 



gh tw oohfl 
rnpnMl 



usual Western P3|H| * ddivered through 

two c>ix^mnza.Jd^^^l 1 in. apart, and 8 

ft. from Mid hopper de- 

livaw^ » fire wall. 
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'' At present almost all of the charge is introduced through 
hoppers along the side walls. Directly over the side walls, 
at the fire end of the furnace, large bins are provided, which 
discharge into small bottom-dump cars. These cars run 
on 24-in. tracks which are supported from overhead. Under 
these tracks a long trough runs down each side of the fur- 
nace just above the side walls. These troughs are filled 
from the cars on the track above them. Each trough has 
openings in the bottom, 2 ft. apart, which openings com- 
municate by a slide gate with 6-in. iron pipes. These pipes 
pass into holes drilled in the roof bricks, which allow the 
charge introduced through these openings to slide down 
on the side walls over which this charge forms an almost 
continuous blanket. As there are no doors on the furnace, 
and as the 6-in. pipes are clayed into the openings in the 
roof, it follows that no air is introduced into the furnace 
except what is purposely introduced at the fire end. 

" These pipes form a continuous line of charging holes, 
which extend the entire length of the furnace. The charge 
on the side opposite the slag door is fed all the way to the 
throat. On the slag side it is fed along as far as the slag 
door and no farther, as the cold air coming in while skimming 
cools the walls from the skim door to the throat and obviates 
the necessity of charging beyond this point. Six similar 
openings are used in the fire wall. 

" The walls are held in place by 12-in. I-beams in pairs, 
with a space of 5 ft. between each pair, which form the side 
braces. These are wedged in at the bottom, by wooden 
wedges, against an iron strap in the concrete footings. 
The concrete footings are tied together as previously de- 
scribed by 1^-in. rods passing across the furnace. 

" The coal dust is introduced through five pipes, 5 in. 
in diameter. One of these pipes is on the center line of the 
furnace, the others are in horizontal line with it at a distance 
of 3 ft. 3 in. from center to center. These pipes are 5 ft. 
2 in. above the bottom of the sand hearth, or 3 ft. 2 in. 
above the top of this hearth. They are about 2 ft. above 
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the skimming line of the charge and the central pipe is about 
4 ft. 8 in. below the highest point of the roof. 

POWDERED COAL APPARATUS 

" The coal as received is f in. and under in size and con- 
tains about 7 per cent of moisture. It is dried in a Ruggles- 
Coles dryer, 70 in. in diameter and 35 ft. long. One ton of 
coal burned on the grate dries 40 to 50 tons of slack coal 
to about 0.6 per cent of moisture, which increases to 2.4 
per cent of moisture after grinding. About 10 tons of slack 
are dried per hour of nmning time. The coal is ground in 
Raymond impact mills. About 95 per cent passes a 100- 
mesh and 80 per cent a 200-mesh screen. 

" The powdered coal is sucked by a fan to separators 
above the roof of the dryer building and slides downward into 
a screw conveyer which delivers it into bins at the fire end 
of the reverberatory furnace. The dust is fed from these 
bins by Sturtevant automatic-feed screw conveyers, one for 
each nozzle, the speed of which can be regulated. These 
screws carry the dust forward and drop it into the air 
nozzles about 2 ft. from the point where the nozzles enter 
the furnace. Any coal delivery pipe can be closed ofif by a 
slide gate, and any screw conveyer can be stopped by dis- 
connecting the bevel gears attached thereto. In this way 
any desired number of the five burners can be run, and at any 
desired speed within wide limits. The amount of air 
delivered to each nozzle can be varied at will or cut off 
entirely. 

** As a rule the five burners are in operation. Each 
delivers about 13.5 tons of coal dust a day or about 19 lb. 
of coal per minute at the furnace. The total coal blown in 
is about 67 tons per day. 

** The dust drops from the conveyers into the air pipes, 

which carry it forward into the furnace. The air is supplied 

by a4-ft. Sturtevant fan, nmning at 1300 to 14(K) revolutions 

nte. The air sispplied by this fan is insufficient for 

•^u of the coal. Openings are left in the end 
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wall between the coal burners. These openings are stopped 
by loose bricks, so that the amount of air is readily ccmtrcAed. 
The draft at the fire wall is about 0.25 in. of water and at the 
throat the Tnaximum draft is about 1.2 in. The combus- 
tion is very good. One test made for ten days (Jan. 9 
to 19, 1914) showed the following average: 

Coal consumption, tons in 24 hours 69.7 

Gas temperature at throat, deg. C 922 

80, and CO,, per cent 12 3 

Oxygen, per cent 6.5 

80,, per cent 1 . 14 

" During this test the average charge was 409 tons in 
24 hours. This shows a ratio of 5.9 parts of charge to 1 
part of coaly but much higher ratios have been attained. 
The average for March, 1914, was 6.84. This coal ratio 
depends largely upon the composition of the charge and the 
natm^ of the slag produced. 

" A criticism might be made of the low temperatiu^ of 
the gases at the throat, 922® C. The usual practice in 
Western smelters is to carry a temperature of 1200 to 1300® 
C. at this point, and it might be thought that this low tem- 
perature indicates inefficient firing. The fact is that the 
heat of combustion is utilized in smelting ore along the side 
walls, and consequently the escaping gases, having done 
more work than is usually the case, are relatively cold. The 
function of a reverberatory furnace is to smelt ore, and not 
to raise steam, and for this reason the more heat that is 
absorbed from the coal gases in the furnace, the more 
efficient is the operation and the cooler are the escaping 
gases. 

" The great advantage of coal-dust firing in applications 
of this sort is the absence of the usual breaks in the tem- 
perature curve due to grating or cleaning the hearth, and as 
a consequence a greatly increased tonnage and fuel ratio. 
The operation of firing, being purely mechanical, comes 
under the immediate and direct control of the furnace 
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foreman and responds instantly to his regulation. In 
addition to this, the peculiar method of feeding by almost 
continuous charging obviates breaks in the temperatiu^ 
curve due to charging or ordinary fettling. For these two 
reasons the chart of temperature shows a horizontal line, 
rising or falling in almost exact accordance with the speed of 
the coal-feeding device. 

*' The maximum bath of matte and slag is 22 in. deep. 
A constant bath of 8 in. of matte is carried. This matte 
lies 6 in. below the skinmiing plate, so that after skimming 
there are 6 in. of slag and 8 in. of matte left in the furnace, 
making a total minimum depth of 14 in. The skimming 
door is banked up 8 in. with sand, so that just before skim- 
ming the slag is 14 in. deep. As the charge along the side 
walls occupies a great deal of room there is never at any time 
more than 40 or 50 tons of slag in the furnace. 

" In rebuilding this reverberatory or in designing a new 
plant, the hearth should be widened to provide for a larger 
body of matte, which experience has shown to be necessary. 
As this method of burning coal and of admitting the charge 
into the furnace bids fair to come into general use, it is 
expected that many changes, both in construction and 
operation, will be introduced. There is no doubt that 
reverberatory smelting along these lines will become cheaper 
than blast-furnace smelting and that a wider range of ores 
can be used in such a furnace than in the old style coal or 
oil furnace.'* 

{Paper by Mr. Louis V. Bender.) 

WASHOE REDUCTION WORKS 

" After investigating the work of coal dust at the Cana- 
dian Copper Co. the management of the Washoe plant 
decided to experiment with and ascertain the advantages 
of using powdered coal as fuel in their reverberatories. 
Consequently, during the month of June, 1914, one of their 
reverberatory furnaces was changed to use powdered coal as 
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fuel. The results obtained by this method of firing are 
gratifying and show a decided saving in cost of smelting 
as compared wdth grate firing of ordinary coal. 

" The fimiace as remodeled is 124 ft. long by 21 ft. wide, 
and varies in height from 8 ft. 6 in. at the back to 5 ft. 7 in. 
at the skimming end. The general construction of the fur- 
nace is similar to that of other furnaces at this plant. 
There are no side doors to this furnace, as it was thought that 
with the present arrangement for feeding no fettUng or 
claying would be required. The interior of the furnace can 
be inspected through the burner portholes, after shutting 
off the burners and giving a few seconds' time for the gases 
inside the furnace to clear away. The charging is done on 
either side of the furnace from longitudinal hoppers, ex- 
tending a distance of 74 ft. from the back end of the furnace. 
Leading from the hoppers into the furnace are 6-in. pipes 
spaced 19j in. apart, through which the charge is intermit- 
tently dropped. The charge is kept well above the slag 
line at all times; in this way the side walls are protected and 
no fettling is needed on this portion of the furnace. The 
remainder of the furnace requires fettling. After operating 
for three months, it was found that the bricks were eaten 
into along each side wall from the skinmiing door back to 
the point where the charge had been dropped. The depth 
of this cutting away was 8 in. close to the front end and 
gradually tapered to zero at a distance of 50 ft., and w^as 
greater on the side of the furnace having the larger flue 
connection. Hoppers will be put in for the entire length of 
furnace, from which fettling material will be dropped, to 
prevent this cutting. 

" After a run of three months the roof was in excellent 
condition. At the back of the furnace the bricks were not 
cut into at all ; at 30 ft. from the back end they were eaten 
away 2 m., but at 60 ft. distant they were as put in. The 
roof is 20 in. thick. After operating for a while trouble was 
encoimtered in tapping the matte. The tap hole was on the 
east side of the furnace 885 ft. from the front end. C "'njc 
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could not be done over the tap hole, or for a distance of 
several feet on either side; also, owing to the method of 
charging, matte accumulated in the front of the furnace 
and could not be completely drained through the side tap 
hole. 

" When the furnace was down for fettUng in front, it 
was seen that the calcines fed into the furnace sloped very 
gently from either side to the center. This, of course, took 
up the space which in other furnaces is filled with matte 
and forced the matte to the front of the furnace and also 
prevented its being drawn out at the side tap hole. The 
furnace will not hold more than 50 tons of matte. The 
other furnaces hold 175 tons. It was finally decided to tap 
the furnace at the front. A suitable runway was put 
in and a tap hole made at the side of and below the shim- 
ming door, and all of the matte was tapped therefrom. 
About 35 tons of matte are tapped per shift. The furnace 
is skinuned three times per shift. The gases are taken from 
the furnace through brick flues to either of the two batteries 
of Stirling boilers, each battery developing 650 horse-power. 
One of the flue connections was left as before, with a cross- 
sectional area of 13| sq.ft.; the other flue connection has a 
cross-sectional area of 40 sq.ft. The smaller flue con- 
nection is used whenever it is necessary to clean the boilers 
connected with the larger flue. This occurs once a month 
and lasts for a period of three days, during which time the 
tonnage smelted is considerably less than when using the 
larger flue. The following figures verify this statement: 



Cro0*-scction of 
Flue, Square Feet. 


Average of Ton». 


Fuel Ratio. 


40 


3 days 405 

3 days before cleaning 497 

3 da^'s after cleaninj^ 5.'^<) 


6.8 
6.7 
7.3 
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ANACONDA PLANT 

" The following equipment is installed. It is larger than 
is required for one furnace, but was installed with the idea 
in mind of finally equipping the entire reverberatory plant 
for coal-dust firing. 

" The coal from the storage bin is fed into a 30 by 
30-in. Jeffrey single roll crusher, where it is reduced to 1 in. 
maximum size. After passing a magnetic separator, it is 
elevated and fed by gra\aty into a 40-ft. by 6 ft. 8 in. 
Ruggles-Coles dryer. The dryer consists of two cyUnders, 
the one within the other. Blades of angle iron are fastened 
to the inner side of the outer cylinder and the outer side of 
the inner cylinder, so arranged that as the dryer revolves 
the material fed into the space between the cylinders is 
lifted and dropped onto the inner cylinder and at the same 
time carried to the discharge end. The outer cyUnder at 
the discharge end extends beyond the inner cylinder and has 
a revolving head riveted to it ; on the inside of the head are 
buckets which lift the coal and deliver it out through the 
central casting. It takes a particle about thirty minutes 
to pass from feed end to discharge end of the dryer. At 
the feed end the inner cylinder is extended beyond the outer 
cylinder and, passing through a stationary head, is connected 
with a fiire box. The gases are drawn from the fire box by 
means of a 72-in. Sturtevant fan, forward through the inner 
cylinder and back through the annular space between the 
cylinders to the stack. This exhaust fan is placed on top of 
the fire box and is connected to the dryer by means of 
a 30-in. sheet-iron pipe. The fire box is fed \\dth lump coal. 
The capacity of a dryer depends upon the moisture in the 
coal and the speed of the fan. With Diamondville coal, 18 
tons are dried per hour. During the month of Septem- 
ber, 1914, 30 tons of coal were used to dry 1,984.77 tons 
of coal. 

" From the dryer the coal is conveyed by a screw con- 
veyor, and is discharged into a steel bin above the pulverizer, 
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which is in a separate building from the dryer. It is not 
well to have the pulverizer in the same building with the 
dryer, for the reason that if an accident should occur, caus- 
ing the coal to overflow, it might then be drawn into the 
fire chamber of the dryer and cause a fire, with possible injury 
to employees. 

" The Raymond five-roller mill is used. It has an 
average hourly capacity of 4^ tons (see Chapter III). A fan 
is connected to this mill, from which air is admitted under- 
neath the grinding surface. The material is taken away 
by the air current as quickly as it is reduced by the rolls, 
and blown into a cyclone dust collector placed 20 ft. above the 
pulverizer. The mill is thus free of fine material. The 
collector is of galvanized steel, cone shaped, and has a rettun 
air pipe leading from it to the housing around the base of 
of the mill. A surplus air pipe from this return-air pipe 
relieves the back pressure and is an outlet for any surplus 
air that may enter with the feed. An auxiliary collector 
is placed to receive the dust escaping through this surplus 
air pipe. 

" The finished product is discharged through a spout 
at the bottom of the dust collector, and is taken by a screw 
conveyor to a bin placed near to and abo\'e the furnace. 

" The coal from the bin is introduced into the furnace by 
means of an air cxirrent delivered through five ' burners.' 
The air current is produced by a No. U Buffalo fan at a 
pressure of 10 oz. and, by means of a pipe carrying a nozzle, 
is introduced into a 6-ln. pipe leading into the end of the 
furnace. The coal dust, fed from the bin by a screw con- 
veyor, drops upon this nozzle (which acts as a spreader) and 
is mixed with the air and taken into the furnace. A second- 
ary supply is obtained around the portholes throuf;li which 
the burners are projected into the furnace. These port- 
holes are each 12 in. in diameter, wbi<^ leavps aii ;im ;::ir 
space 3 in. wide around each of the fi 

of suitable dampers encircling ! 

air can be regulated. .\nothar^^^^^^^^^|^f lur is 
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through four openings between and above the burner ports, 
the size of the openings being regulated by putting in or 
taking out brick. The amount of coal fed is determined by 
the speed of the screw, which is controlled by a Reeves 
variable-speed r^ulator. The grinding, convejong, and 
bin system, from the dryer to the biuners, is made as air- 
ti^t as possible, with the result that the entire plant is 
extremely clean and free from dust/' 



CHAPTER VII 
POWDERED COAL IN METALLURGICAL FtJRHACES 

Powdered coal is manifesting distinct advantages for all 
kinds of heating operations. With the constant demand tor 
increased output in manufacturing plants, the question of 
industrial heating, important though it is, is too often 
lightly considered or entirely overlooked, with the result that 
worth-while savings in cost of manufacture are not made. 

Heat treatment is the basis of many operations in shops 
and to make it good and cheap requires more than the mere 
burning of coal or oil. The cost of fuel is not as important 
as is the question of what can be derived from it; and 
this depends on how the fuel is utilized. The number of heat 
units obtained for a cent does not determine the quantity 
or the quality of the product obtained for a dollar, any more 
than the price of gasoline determines the cost per ton-mile 
of running an automobile. If furnaces are so designed as to 
utilize powdered coal to the best advantage, and the coal dust 
is economically conveyed, fed and regulated at the furnace, 
leaving no re^due of fine particles of dust on the work; 
and if the smoke and ash are properly carried away; this 
fuel meets alt reasonable requirements. Powdered coal 
gives a better and softer heat than aay other fuel in use at 
the present time. 

The economy of powdered coal over oil is established, 
and is probably the one factor that is miunly responsible 
for the present acti^■e interest in its application. Systems 
have been installed to replace oil where there has been an 
actual saving of 60 per cent. This is certainJy worth while 
As compared with producer t;a« pliuu- ■\\r i ; - 

of the latter apparatus bring I'.'rrtcr ■ 
its favor; but with an iiiiUaJLJi 
the process of manufactured 
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believe that powdered coal has the advantage. Here 
every unit of heat ia projected into the furnace: and in the 
furnaces, it is expected, equal efficiencies will be reahzed 
from powdered fuel and gas. Producer gas has its place 
where checker work and ash troubles are objectionable. 
Where the ash can be taken care of, there seems to be 
a saving by the use of coal amounting to about 25 per cent. 

Some manufacturers of powdered coal installations argue 
that the proper way to measure efficiency is on a B.t.u. 
basis. In other words, if a furnace performing a certfun 
heating operation uses 20 gallons of fuel oil per hour, each 
gallon of oil containing 140,000 B.t.u., there will be con- 
sumed 2,800,000 B.t.u. in the operation. On this basis, 
it nill require 2,800,000 B.tu. in coal in a pulverized state 
to perform the same operation, the superior efficiency of 
coal arising from the fact that the 2,800,000 B.t.u. in oil 
would cost more than the same number of B.t.u. in coal. 
This fact is obvious; for if fuel oil costs 5 cents a gallon, 
coal (at 14,000 B.t.u. per pound) would have to be sold at 
$10 a ton to give an equivalent cost per B.t.u. 

But this comparison does not by any means measure the 
efficiencies of heating furnaces, for the real problem is one 
of heating cost and not of fuel cost. Powdered coal, or any 
other fuel, in substitution for what is now in use, should not 
be chosen for the mere reason that it has a lower B.t.u. 
cost; but, rather, one must select a fuel which, all things 
conEddered, will show the lowest production cost under exist- 
ing conditions in the shop. 

Production coBta depoid on three things; the input, 
the output and tlic ojwrator; and in uo two shops are these 
three conditions similar. Eat^h shop, on account of its con- 
ditions, requires a separate study to determine what will 
lead to hi^est efHcicncy in heating < 

In order to determine tbfrflffi||||BU^|L a unw fuel i 
comparison with a fuel noW^^^^^^^^^nnig observa- 
tions should be made: 

Start the furnace at ^^^^^^^^^^^^^^^^bt rai.>«e 
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it to a certain final temperature and note the time taken 
for this operation, both with the fuel now in use and with the 
new fuel contemplated. 

Then take the furnace at the temperature of the room 
and put in a certain amoimt of material at the same tem- 
perature as the fmnace; and raise both the furnace and the 
material to a certain final temperature, noting the time con- 
sumed in this operation, for each of the two fuels in question. 

Lastly, start the furnace and material, at the temperature 
of the room (or at any desired temperature), and operate the 
furnace in the regular manner. Note how many pounds 
of material are raised to a certain final temperature, with 
the number of poimds of coal, oil or gas expanded, in order 
to perform this operation. Unless the new fuel shows 
better results in these respects than the fuel formerly used, 
it is not more efficient, notwithstanding arguments by the 
manufactiu^rs to the contrary. If powdered coal, tried 
out in this manner, does not produce effects superior to those 
from fuels formerly used, it is not more efficient. 

At a meeting of the American Institute of Mining Engi- 
neers in 1913 Mr. H. R. Barnhurst presented a discussion 
from which the following is abstracted. The proper method 
of firing powdered coal is to admit with the fuel the exact 
quantity of air necessary for the result desired, as shown by 
observation, and to maintain the relationship between fuel 
and air as long as the conditions desired are being realized. 

This matter of complete control of the two factors, fuel 
and air, is and wall be at the root of all success with pulver- 
ized or sprayed fuel in the metallurgical processes. 

It is unfortimate that in the present state of our arts it is 
difficult to obtain exact readings of the temperatures at- 
tained in the burning of fuel. We do know, however, that a 
definite quantity of air will deliver the oxygen required to 
give the highest attainable temperature from a given fuel. 
With a knowledge of the components of the fuel, the laws 
of thermo-chemistry tell us not only the quantity of oxygen 
we must have, but also the maximum attainable temperature. 
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Applying these laws further, we learn that any air or 
oxygen supplied in excess of the ideal requirement simply 
dilutes the products of combustion and lowers the tempera- 
ture; also, that insufficient air and oxygen will cause the 
burning of part of the fuel to CO, and part of it to CO2. 
With the air supply halved, we obtain only the poisonous 
and inflammable CO. However short we may be of pjrrom- 
eters, there is in the eye of the intelligent operator a gauge 
which tells him at a glance whether the heat he has is serv- 
ing his purpose* Pulverized coal is at a great advantage 
in this respect. 

It need not be supposed that an operator must be per- 
petually adjusting his apparatus. If we find that with 
the air gate fixed at a certain opening the fire is too hot, 
a simple reduction in the quantity of fuel admitted changes 
the ratio of air to fuel and lessens the supply of heat. If the 
fire is not hot enough, more fuel gives more heat units and 
a lessened excess of air, resulting in a heightened tempera- 
ture. 

In all probability, some excess of air must always be 
admitted to keep the temperatiure from reaching destructive 
limits. With control of both the quantity and quality of 
heat, this danger is negligible. 

The temperatures used in metallurgical work usually 
cover a range of nearly 2000"*, or say from 2000 to 4000"* F. 
By ordinary manipulation as described, the temperature and 
quantity of fire can be changed as easily as a gas jet can be 
turned on or off. The response is instantaneous. This 
particular feature renders the use of pulverised fuel par* 
ticularly suitable for metallurgical furnaces. Powcb 
coal is used in all kinds of steel and iron workingi ind 
ore-roasting and flue-dust nodulizing, and in opeii4 
furnaces, puddling furnaces, busheling fumaceSi h 
furnaces and forge furnaces. 

The main difficulties in the earlier and experimental t 
were caused by: 1, not drying the coal; 2, poor puh 
tion; 3, the carrying of too high temperatures; 4| the 
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passages that were too small, giving the gases too high a 
velocity. 

With a knowledge of how much air must be supplied 
with a given amoimt of fuel to produce a desired temperatxire, 
and a knowledge of the volume of the gases so produced, it 
is easy to proportion the ports both of inlet and outlet 
so that a scouring blowpipe eflfect may be avoided. The 
excellent practice already attained is undoubtedly due to the 
application of such knowledge. 

Aside from the advantages from the higher efficiency 
attainable with this fuel, there are a number of incidental 
factors which in actual service contribute to the profitable- 
ness of its use. 

The furnace begins its work almost instantly and with 
whatever degree of temperature intensity may be desired. 
There are no periods of lowered temperature due to firing 
cold fuel. There is no cleansing of fires for puddling or 
heating, so that operation is practically continuous. There 
is some cinder formed in puddling and heating furnaces: 
this is disposed of in the usual way. Most of the ash 
passes out of the chimney and floats away Ughtly. A 
neutral ash content within reasonable limits does not 
appreciably affect the fire. 

It has been somewhat difficult to obtain from large users 
exact data concerning the performance of the various fur- 
naces. Perhaps the best evidence of success is the contin- 
uance of use and the enlargement of plants now in opera- 
tion. The following are authentic data: In roasting 
carbonate ores of high sulphur content, the carbon has been 
driven off and the sulphur reduced within permissible limits 
by the use of fuel amounting to less than 7.5 per cent of the 
weight of the charge. This problem involves the main- 
tenance of a low temperature, about 2100° F., to prevent 
the agglomeration of the ore fines into masses. The same 
practice obtains in the roasting and nodulizing of ores 
and flue dust, where the temperature must be sufficient 
to permit the ore to form nodules or balls, but must not 
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be so high as to cause it to stick to the walls of the roasting 
kiln. 

In open-hearth practice with pulverized coal, steel is 
usually made with this fuel at the rate of from 450 to 500 lb. 
of coal per net ton of product. This is from an average 
of 45 heats, the fuel and product being carefully weighed. 
These figures were obtained diuing a continuous run of 
six weeks. The furnace was operating beautifully when 
visited and no mechanical difficulty had been experienced. 
The melts were obtained in slightly less time than with oil. 

In puddling furnaces, the fuel supply varies with the 
season, the cool weather of spring and fall permitting a 
larger putput than when intensely hot weather afifects the 
men at the furnace. It is safe to say that iron can be pud- 
dled at an average expense of 1200 lb. of powdered coal per 
gross ton of muck bar produced; in fact, less than 1000 lb. 
of coal per gross ton of bars has been shown in practice 
diuing periods when favorable temperatures and continuity 
of work conduced to high economy. 

In heating furnaces and busheling furnaces there is some 
latitude of performance, due to variation in charges placed 
in the furnaces and in the sizes of mills served by them. 
The average consumption of powdered coal in heating 
furnaces seems to be from. 500 to 550 lb. of fuel per gross 
ton. The busheling furnaces require from 550 to 600 lb. 
To obtain such results, however, the furnaces must be 
properly proportioned and equipped and in good condition. 
It must not be expected that the results obtained by simply 
squirting coal of greater or less degree of pulverization into 
a furnace, with an unmeasured jet of air, will equal the i 
tice here shown. Success impUes dry coal, fine pi 
tion and proper air supply. Another factor is tb 
tendants should be interested in the productk 
results. Men of good order of inteUigeno^ 
mechanisms which displace the shoveler and t 
barrow man, and who are constantly on the " I 
both practically and metaphorically, are eztram 
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The operations, however, are simple and the niiaiiipulations 
few and rational in their nature. With such men further 
advances in economy may surely by looked for. 

The procedure followed in the proper preparation of 
powdered coal as well as in delivering it into the furnace, 
is as follows (see Chapter III) ; 

The coal is received in the pit of an elevator, into which 
it is dumped from the cars. The elevator carries it to the 
hopper of a p^ of crushing rolls. After passing through 
these rolls the coal may be weighed by automatic recording 
scales and is sometimes caused to pass over a magnetic 
separator. The coal is next introduced into a drier to expel 
the moisture. A good drier ot approved design will remove 
6 lb. of moisture per pound of fuel used in firing the drier 
and the product will ordinarily carry less than 1 per cent of 
moisture. From the pit into which the dried coal falls 
from the drier, it is elevated to bins above, from which it is 
evenly fed by spouts- and feeders to the pulverizing mills. 
These mills, if of proper construction, grind the coal rapidly 
to the degrees of fineness required. 

The pulverized coal is led to the pit of an elevator, which 
carries it aloft to a conveyor which distributes it to the coal 
bins, from which it is deUvered by gravity to pipes leading 
to the burners. 

The bins for holding the coal are proportioned to carry 
suflBcient fuel to serve the furnace during intervals in which 
the mills may not run; as for instance, coal may be ground 
and stored for twenty-four hours continuous service by 
irunning the mills for ten houis. 

The coal is fed from the bottom of the bio by a worm 
feed-screw provided with a variable-speed drive, so that the 
furnace may receive fuel M^4M^i The coal falls freely 
from the feed-screw ^^HdHHHHHfi|||oBed pipe, mixing 
mth the air in its ^^^^^^^^^^^IbP** (^t^^ring the 
burner pipe, 

The burner pipej^^^^^^^^^^^^^^bung tlirough 
from a fan not^^^^^^^^^^^^^^^^Btiui furnace, 
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I'liiH. ;tl mill :tj.— Puller Pulverited Coal Plant. 
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but also, while doing this, acts as an injector, drawing with 
it the descending column of air containing the entrained 
coal from the bins above. The fuel is therefore completely 
mixed with the ultimate colunm of air while entering the 
furnace. The speed and volume necessary for proper fur- 
nace performance are predetermined from known data. 

The air is controlled by the fan speed or by gates, or by 
both, and the coal by the number of revolutions of the feed 
screw per minute. The operator adjusts these factors to the 
quantity and intensity of fire desired, and by inspection at 
times sees that the conditions remain as required. The 
construction of the furnace is not materially changed when 
powdered coal replaces oil or gas. The operating cost in 
the fmnace room is very low, as one man can oversee a num- 
ber of fimiaces. The furnaces are so varied in construc- 
tion and operation that it would not be possible to describe 
all of them (see Chapter IV). It may suffice to state that 
any soUd fuel which can be dried and pulverized will reach 
its highest efficiency in that form, and for this reason fuels 
hitherto deemed unavailable, such as coke breeze, lignite 
culm, and anthracite culm, may be now looked to for a 
cheap source of heat. 

. In actual practice in the use of powdered coal, the ease 
with which it is burned has been to a certain extent a draw- 
back rather than an advantage. The novelty of the method 
is so attractive that those experimenting with it are at first 
satisfied with producing a good fire with simple apparatus 
in which may exist no such means of control as are necessary 
for realization of the highest economy. 

It is no success to use twice as much fuel as the work may 
require, nor is it a success t^ ' '^ ' U fire to a destructive 
intensity in order to offK ning in design. 

Correct proportioiiiiic Iji the heat re- 

quirements of the job.^ BSAiy ^^y 

be ascertained and tb^ ^ w supply 

computed. With 1 )tion of 

the volume of the r have 
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time for its completion. The proper size of ports taking off 
the gases, the size of the chimney, and the velocities of the 
gases, should all be as carefully determined for powdered 




coal as for gas or oil. A simple experiment based on one 
set of conditions should not be regarded as conclusive. 

With proper proportioning of the apparatus, the opera- 
tion will be elastic and adjustable to a wide range of perform- 
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ance under a very nearly constant percentage of efficiency. 
This is unattainable in an installation not proportioned for 
high efficiency. The ease with which powdered coal is 
burned is no assurance that the beet results are being 
obtained. 

metalluhqical furnaces at the general electric 
company's works 

The General Electric Company has had a powdered coal 
plant at its Schenectady works for the past five years, which 
has been visited a number of times by the author. The 
information ^ven below was obtained from Mr. A. S. 
Mann, who had charge of the powdered coal installation, 
the success of which was due entirely to his untiring efforts. 
A r#sum€ of Mr. Mann's conclusions appeared in the Gen- 
eral Electric Review, and some of the following material is 
quoted therefrom. 

A burner which was perfected by Mr. Mann is shown in 
Fig. 34 to 36 inc. This conedsts of a cast-iron cylindrical 
box, 8 in. in diameter, with five openings beside its dis- 
charge mouth. Either of the openings iS or T is used for 
coal and its primary air, or " carrying " air (40 to 60 cu.ft. 
per poimd of coal dust). Either of the openings X or K is 
used for the combustion air; and sometimes ^ is admitted 
at the end, at U, also. The first four of these openings 
are tangential, causing the ur currents to take irr^ular 
spiral forms, and they are used for short-burning flames. 

For an ordinary forge furnace, say 5 by 4 ft., S, Y, and 
U will be piped up. A fire is started by xmng combustion 
air through Y alone, tot Uuou^ its use a short complete 
mixture can be dropped upon burning kindling. As 

long as tliis arrangement ved the high heat will be 

r ttw tuyere, pertlMM t of it. It sometimes 



lycrc, per^ra 

tuiii^^H 



happens that wi^y^^f aecessary that a fur- 

-nace be hnt aHI^^^^I ' if there be a high 

local ten ' uniform heat 

is wante nitted at U; 
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and there is then an immediate change in the character of 
the fire. The flame is no longer local; the mixture with air 
is not as good, and burning calls for more time. Coal that 
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1. 34, 36 and 36.— Mann Burner. 



ean find adequate air near the tuyere burns there; other 
Ooal watts till it finds air, and there is a long flame in conse- 
quraoe. By manipulating the air valves at Y and V, the 
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rai^ of regulation is great and it is possible to make a 
very long flame; even as much as 30 ft. long under certain 
conditions. The same thing is true of an oil fire. If mix- 
tures are very poor and oil is sent from the biutier in slugs, 
a flame of great length ia attainable; it is only requisite, 
for a long flame, that the fuel and air travel in parallel 
streams, whatever the nature of the suspended fuel. Such 
long flames are not economical; good mixtures give good 
economy. It must be remembered that the velocity of the 
stream passing along the axis of the burner should not be so 
low as to drop the coal. The burner must therefore not be 
too large, if a short fire is wanted. When two air streams 
(as at S and Y), rotating in cotmter directions, meet, rota- 
tion becomes nil and the axial speed must be enough to keep 
the coal in suspension and preserve the mixture already 
made. It will be noted that the rotary motion within th^ 
burner is just the motion used in a centrifugal separator 
to draw moisture out of steam, or in a dust collector to sepa- 
rate air from solids. In these dences either the body diam- 
eter is large enough to keep the two elements apart, or 
baffles are provided to trip the heavy material. More- 
over, there are separate and guarded outlets for the two 
components in such devices; none of which is used in this 
burner. That the device does produce a mixture is shown 
in its operation; for even when the openings S and Y are 
used, causing both jets of air to swirl in the same direction, 
the flame is only about 24 in. long. As the combustion air 
at X is reduced and the tur at C/ is increased, the flame length 
is increased and combustion becomes slower, sliowing a 
less perfect mixture. Some of the furnaces are piped in just 
that way; and though the range is not great it is iun[de for 
most forging work. 

For a feeder, the General Electric Co. I 
simple screw will answer every purpose, 
coal from a supply tank and clelive-rs it i 
to a cavity from which it can be picked \ 
air, which carries the fuel along with it. ■ 
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feeder is driven by a small motor which can turn at 1800 
r.p.m., 800 r.p.m. or any intermediate speed. It is geared 
down only once. The screw will feed at 300 or 600 turns 
a minute, or at an even higher speed if required. With so 
wide a speed control it is possible to carry a fire that shows 
just a visible red; by a simple movement of a rheostat 
handle the same fire will spring up vigorously and shortly 
give heat enough for any forge work. 

There is a feature of the plain screw-feed that makes it 
very convenient in many situations, viz. : it can stand a Uttle 
back pressure; so that the discharge distances may be long. 

In this installation the coal is fed across the shop under- 
groimd; the supply tank with its feeders and motors is above 
groimd. The coal is carried 90 ft. or more, then up to a 
furnace and its burner. The distance could be greater, even 
several hundred feet, and the control would be just as conven- 
ient and exact, because the switch and rheostat are located at 
the side of the furnace and the operator has no occasion 
to come over to the supply tank. In all of these long trans- 
missions there will be a little back pressure at the screw. 
Primary air is introduced on the eductive principle, using 
the fitting shown in Fig. 37. The resistances on the dis- 
charge side increase with the distance. If the distance 
is short, there is a negative pressure in the pipe leading from 
the screw to the opening A (see Fig. 38). Eight inches of 
vacuum, by water column, is easily attainable. As the 
discharge distance increases, with the addition of elbows 
and crooks, this vacuiun falls; it may totally disappear, 
and there may exist as much as 4 or 5 in. of pressure. A 
plain screw is Uttle affected by these changes, for the throat 
fit at il. Fig. 38, is machined so that a certain impetus 
is given to the coal. The long distance transmission has been 
so proportioned, however, that the static pressure is usually 
negative, say 1 in. or so of vacuum. 

The feeder box and the screw are shown in Fig. 39 and 
Fig. 40 respectively. While usually only a small amount 
of power is needed to turn the screw (it can be turned with 
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Fia. 38.— Feeder Box— Longitudiiua Section. 



Fio. 39.— Feeder Box— CrooB Section. 
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the finger fast enough to carry a mod^^te fire) there are 
timee whoi a considerable amount of power is required. 
NormaUy the coal is li^t and fluffy, but under certain 
conditions ^a« after long standing ; coal packs so ti^tly 
that no mecJianical de\ice can move it. The screw is cut 
in a lathe with spaces proportioned to the quantity required. 
A 2J-in. diameter screw, as shown, will feed 700 lb. per hour, 
and with slight modifications much more. The bottom of 
the thread is tapered so that, after the screw has ** taken its 
bite/' the volume increases as the threadful advances, and 
the flow to the pipe is free and easy in consequence. The 
weight of a cubic foot of powdered coal may be anjrthlng 
from 29 lb. to 50 lb. WTien delivered by a conveyor screw 
to a tank 7 ft. deep and then measured immediately, it weighs 
31 J lb. per cubic foot. In twenty-four hours it will reach 
35 lb. and it then increases in density until within six weeks 
(without jarring) it \iill weigh 38J lb. These changes will 
take place in a container with smooth sides with a diameter 
equal to half its depth. In a piece of 6-in. vertical pipe 
10 ft. 6 in. long, it was found that there was little settlement 
even after two months. The weight of coal in the tanks is 
computed at 35 lb. per cubic foot. Sometimes the coal 
flows as freely as a liquid and will spread out so that its 
top surface is nearly level in the tank. At other times it 
will not even flow down hill, though it always moves freely 
enough unless it has been stopped for forty-eight hours or 
longer. 

This tendency to pack and clog is due to the physical 
arrangement of the particles through settlement rather than 
to moisture. Powdered coal will absorb microscopic par- 
ticles of water, but it cannot be made wet by throwing 
water upon it. It is impossible to make a paste by uang 
sticks to stir the coal into water. The only way to make a 
mixture is to take a little coal and water between the 
finger and thumb and knead the two together. In a day 
or so this water evaporates, leaving the coal clean and dry. 

It is not difliicult to dry the coal to ^ of 1 per cent of 
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moisture or less, but there is always some small portion 
that contains moisture in excess. It is surprising to find 
an 8-ton bin of coal that has been nicely dried dripping 
with water twelve hours afterwards; but it does so, and it 
is not an imcommon thing to find a pulverizer frozen up with 
water in the morning. The source of such water is not 
hard to find. When coal is in a dryer it is hot and so is the 
contained air. The air is saturated with moisture at the 
temperature of the dryer and when the coal and air cool 
the moisture is precipitated, and in cold weather makes 
its presence felt. It thus appears that coal cannot be made 
thoroughly dry through the agency of high temperature. 

It is often asked whether an oil furnace can be success- 
fully changed over to use powdered coal. This has been done 
at the General Electric Company works in the following 
manner : a coal furnace needs one or sometimes two burners, 
depending upon the size and kind of work that it is doing. 
An oil fire make no visible smoke and there is little or no 
odor from its products of combustion, so there is no reason 
why there should be a chimney or (in many cases) even a 
furnace vent. Flames and hot gases can be brought up to, 
and passed out of, the door, keeping the fronts hot. A 
coal fire jdelds no black or colored smoke, though the 
gases contain some small particles of white ash; but it 
does have a decided and disagreeable odor. It is better 
then to provide a hood over the furnace door; enveloping it, 
if heat is wanted right at the door as it is in most forge 
work; and this hood must have an outdoor vent. If all 
gases are allowed to escape in this way, the heat distribu- 
tion is not perfect, and therefore it is best to use a chinmey 
vent at an appropriate point. It is good practice to run 
this chinmey up thraviji over each furnace and to 

cut into it a 45^ ^^H "^ ^^^^ ^^ attached. 

An upward ^^*^^^^§l/^^ ^ ^y ^^^ chinmey 

draft. ^^^B^^jj^^H ^nnections. It 

pays to provid* ^^^^^" be adjusted 

with precidc thread the 
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tips can be moved ^ in., though such extremely fine adjust- 
ment is not usually needed. It also pays to preheat the 
combustion air. The saving in fuel greatly exceeds that 
represented by the heat imparted to this air. It was found 
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Figs. 43 and 44. — General Electric Co. Powdered Coal Furnaoe. 



that a saving of 35 per cent was secured in oiie 
air preheated to 334^ C, while the heat added to the < 
bustion air was only 16 per cent of that in the coaL 
a moderate air temperature was used, as it is prefer. 
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install only such surface as can be readily cleaned, and the 
low temperature prevents the burning-out of the preheating 
surface. It is good practice to allow 15 sq.ft. of smface 
in a furnace that bums 100 lb. of coal per hour, with an 
inside temperature of 1355° C. 

The preheater is made of 3-in. cast iron soil pipe, six 
lengths being rusted into a header at either end, and placed 
beneath the hearth in the path of the waste gases. 

Two vertical sections of a furnace w^hich is used in the 
General Electric works are shown in Figs. 43 and 44. The 
hearth is 43 in. long and 24 in. deep, though this same design 
is used for furnaces having twice the area. 

Furnace Lining. An important part of the subject of 
furnace construction, which must not be overlooked, is the 
durabiUty of the furnace. In the metallurgical arts, when 
extreme heat is a feature of the operation, care must be 
taken to avoid destroying the furnace by its own opera- 
tion. This is not difficult. Much of the trouble has arisen 
from the gases impinging upon the furnace walls at points 
where changes of direction of gas travel are necessary, and 
from too high a velocity of gases, due to contracted areas 
for passage. 

Powdered coal is destructive because of concentrated 
heat of blo\NT)ipe tendency, wearing effect due to the im- 
pinging of the coal, and the tendency of the ash and brick 
to flux together. These objections are partially overcome 
by the use of low air pressure, introducing the coal at 
a very low velocity, spreading the flame over as large an 
area as possible, and the cooling of brickwork by water 
circulation. Where the fuel blows against a bridge wall, 
the latter requires frequent repair. There has been a gradual 
reduction of air pressures from 20 lb. on the cement fur- 
naces of early days down to as low as § oz. on metallurgical 
furnaces. This drop in pressure has been due to an eflfort 
to avoid the destructive effect of the heavy blast of powder 
against the brickwork. Where low pressure is used, it 
must be applied close to the furnace, for 4 oz. of pressiure 
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is necessary to cany the fuel through even a short length of 
pipe. 

If the utilized heat is largely absorbed from the gases by 
the charge, the waste gases will be proportionately less 
active in scouring the brickwork. In almost any con- 
struction (except perhaps a rotary cement kiln) it is found 
necessary to change the direction of the gases in their prog- 
ress toward the flue. This change of direction causes the 
gases to impinge upon the diverting bricks with an energy 
proportional to their velocity. The brick can be fully pro- 
tected at these points by a system of water-cooled pipes 
imbedded in the walls. The brick may fret away somewhat 
until the area of protection is reached, after which further 
progress is arrested. 

The surprisingly small amount of water which it has been 
found necessary to introduce, while maintaining the outlet 
below 200° F., proves that the cooUng eflfect is limited to a 
prevention of cumulative action and is not perceptably a 
drawback upon efficiency. Of coiu-se, the piping must be so 
arranged that no air or steam pockets shall exist and so that 
the circulation will be proportional to the heat stimulus. 

At the General Electric works, furnace linings have occa- 
sionally been burned out by powdered coal fires. Sometimes 
a wall looks like the rocks in a turbulent stream after ages 
of wearing. The brick has been cut away in a few weeks. 
Coal may be destructive in its action, but it need not be. 
A hot stream of coal and air driven at high speed against 
a wall will cut it out. A low-fusing point brick is melted 
do\\Ti; a refractory brick is cut away mechanically. It is 
possible to cut away carborundum brick by misdirecting a 
fire which did not even approach in temperature the mdt* 
ing temperature of the brick. But such action is v 
essary. Except at the burning tuyere, brick need IK 
a destructive flame, and the tuyere itself can be ec 
that repairs will be minor and infrequent. The 
for melting down is to avoid high velocity along t 
work. If a wall must take the full force of e 
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it is best to protect it with looee brick or to pass a current 
of combustion air along its face, which both deflects and 
protects. An arch can always be treated in this way. 
Some of the combustion air is cut off from a burner and 
sent along on top and over it. The total volume of air used 
is not increased and a reducing fire can still be carried; 
the heat distribution is noticeably good. 

An interesting problem in furnace construction presented 
itself in a case where it was desired to heat certain metals 
very slowly and uniformly ; the f lUTiace to be charged when 
cold, that is at room temperature, and brought up to 900^ C. 
in six hours, the rate of temperatm^e rise not to exceed 200° C. 
per hour at any part of this time. After reaching 900° C. 
the hea* was to be held for the rest of the day. Perhaps this 
can be done with other fuels; it was very easily done with 
powdered coal, and there would have been no trouble in 
holding to a temperature increase of 20° per hour had it been 
required. This was true of the first hour too, which, by the 
way, presents the greatest difficulty. 

It may be of interest to note the result of trials upon fur- 
naces built to heat metals for forging pm^poses. There is no 
standard of comparison as there is in the case of a boiler 
trial, so one had to be devised. There were eleven billets, 
4 in. square and about 20 in. long, weighing approximately 
91 lb. each, which were to be melted down for scrap. The 
two furnaces selected could each heat one-half of them at a 
charge, five at one time and six at the next, so the hearth 
was covered over 50 per cent of its area and 4 in. deep. 
As soon as six of these billets were heated to a smart forging 
temperature, just short of dripping, they were hauled out and 
the five cold ones put in. The hot billets were dropped in a 
tank of cold water and kept until they were stone cold. 
In this way, these charges were heated alternately all day 
Fuel was weighed, f menace temperatures were measured, 
and in order to allow for the metal burned away it was 
weighed, at the beginning and close of the trial, to give an 
average. The procedm^ in boiler testing was followed as 
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closely as possible, with these two differences — the furnaces 
were cold when started and not all the metal was heated 
that could have been heated. If each charge had been t^ice 
as great, the output per poimd of fuel and the working 
efficiency would have been nearly twice as large; for only 
about 10 per cent of the fuel in the furnace goes toward 
heating the charge ; one quarter of the rest goes to heat up 
the brickwork, and the balance goes up the chimney. 

The table below gives the results of these trials. The 
first was upon furnace No. 4 with cold combustion air and 
coal dust for fuel; the second upon No. furnace with hot 
air and coal dust ; the third was wdth oil on No. furnace. 

RESULTS OF FORGE FURNACE TRLVLS 



Kind of Coal. 



Duration of trial 

Temperature of furnace at start 

Temperature of furnace at finish 

Average furnace tenii)onitun' 

Time per heat, including warming up 

Number of heats 

Average time of heat, neglecting first. . 

Temperature of conilmstion air 

B.t.u. per pound fuel 

Total fuel, including kindhng 

Total steel heated 



No. 4 
Furiiaro. 

Coal. 



No. 
Furnaro, 



Coal. 



Hourly QuantUies: 
Pounds of steel por hour. 
Pounds of fuel i)er hour . 



Economic rcHulU: 

Pounds of steel \yor iM)und of fuel. 
B.t.u. in fuel per pound of .stet»l. . 



GOhr. 
cold 
1370° C. 
1300° C. 
94 min. 
8 
51 min. 
16° C. 
14,000 
1042 lb. 
4288 ll>. 



573 
139 



4.11 
3406 



60 hr. 
cold 

1365° C. 

1301° C. 

85 min. 
10 

41 min. 

334° C. 
14.000 
790 lb. 

5015 lb. 



659 
104 



6.35 
2203 



No. 
Furnaro. 

Oil. 

60 hr. 
cold 

1350° C. 

1270° C. 

98 min. 
9 

44 min. 

240° C. 
19,400 
518 lb. 

4563 lb. 



604 
69.5 



8.83 
2196 



No. 4 furnace is somewhat larger in area than No. 0. The 
first and second trials may be compared to show the effect 
of preheating the air; the second and third to show the rela- 
tive merits of coal and oil. 
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The temperature of the heated air was apparently higher 
in the ease of the coal than in that of oil; but all of the air 
was preheated for oil; while primary air, or say 25 per cent 
of the total air, for coal, was not heated at all. In any 
event the same air heater and the same furnace were used 
m the two cases. 

The heats in this class of work are unquestionably better 
with coal. They are noticeably brighter and softer; to 
express the difference as a forge smith would, coal heat is 
more penetrating, and in a given furnace more work can be 
done, and more fuel can be well burned, with coal than with 
oil. Colunms No. 2 and 3 of the table show a 10-per cent 
greater output with coal than with oil. It may be noted, 
however, that efficiencies are virtually the same. The same 
thing is true in comparing coke with oil in a large oven, 
and in general it may be stated that efficiencies will be equal 
if the fuels are properly burned, and this will cover coal upon 
a grate too. If burning conditions are right, if fires are 
carefully and intelligently watched, efficiencies will be high 
and will be essentially equal. When fires are not under- 
stood, when conditions are wrong and results are poor, 
there is no use in trying to draw conclusions from a trial- 
The speeds of two race horses cannot be gauged by a trial 
when they are both half starved. If a fire beneath a boiler 
cannot turn 75 per cent of itself into steam — show 75 per 
cent efficiency — either the operator is untrained or the 
burning arrangements are wrong. A skillful man will 
obtain better than 75 per cent. 

The powdered coal furnace has no ups or downs. There 
is no thick fire or thin fire, fresh coal or old coal to insure 
fluctuations. The furnace can alwaj-s be kept at its best 
working point, and if so kept it will be heated evenly all 
over. Of course, a large charge of metal to be heated will 
by its very volume absorb heat rapidly, causing a fall in 
gas temperature and possibly a little smoke, at first. 
""he nature of things, but conditions quickly bring 
^ point where the chill is not sufficient to 
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affect combustion. High temperatures then come again 
and smoke disappears. If the rate of work to be done is 
constant, there is no reason why high eflSciency may not be 
uniformly maintained by proper construction and operation. 
The subject has been mastered to a point beyond the experi- 
mental stage. High eflSciency may be confidently reUed 
upon. The quality of the coal is not of supreme importance. 
Indeed, in the developments of the future the chief attrac- 
tion of powdered coal may lie in high efficiencies obtainable 
from low-class or refractory fuels hitherto thought unavail- 
able. 

AMERICAN LOCOMOTIVE CO. PLANT 

At the works of the American Locomotive Company at 
Schenectady, N. Y., there has been installed one of the pow- 
dered coal plants of the Quigley Furnace and Foundry Co. 
of Springfield, Mass. This has been visited a number of 
times by the author. This plant works very satisfactorily 
with a distinct saving in fuel charges. The plant formerly 
used a fuel-oil system for heating the blanks for drop-forg- 
ings and for general small forging work. 

This plant was built and started in May, 1913, and while 
there has been the usual amount of trouble to be expected 
in starting up new equipment, the system is at the present 
time giving good results. 

The coal milling and distributing plant is motor-driven 
and centrally located in a building of non-combustible con- 
struction. At present it has a capacity of 5 tons per hour, 
and it is so arranged that by duplicating the dryer and pul- 
verizer its capacity can be doubled. The plant has a con- 
crete hopper placed under an elevated track where it can 
be served with coal either by discharging directly into it 
from the car or from the stock pile by means of a traveling 
crane and grab bucket. The concrete hopper discharges 
into a rotary crusher capable of crushing 20 tons per hour 
of run-of-mine coal to f-in. cubes, from which the coal is 
carried by means of a bucket elevator to a storage bin which 
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discharges through chutes and a reciprocatmg feeder mto an 
indirect dryer of 6 tons capacity per hour. From here it 
is elevated to a dried-coal storage bin arranged to feed by 
chutes directly into the pulverizer, then elevated to a pul- 
verized-coal storage bin, from which it is distributed by 
means of screw conveyors to the various furnaces in the drop- 
forge shop. The plans permit of further extension to the 
blacksmith shop and other departments later. 

The miUing building is detached, well ventilated, and 
well built in conformity with underwriters' requirements, 
and has been accepted by them as on a par with buildings 
containing equipment for fuel oil or gas for industrial 
purposes. There has been no trouble whatever from spon- 
taneous combustion, or from fires from other causes, and 
there appears to be no reason to expect trouble from this 
source if ordinary precautions are used, as required with any 
other kind of fuel. 

The feed device used at the American Locomotive shops 
has a motor-driven controller and consists mainly of two 
screws, the upper located so as to propel the powdered coal 
from the bin fon^'ard to a point where it falls, in a stream, 
past an opening through which a cross current of air at low 
pressure (a small portion of the total amount of the air re- 
quired for combustion) is directed, so as to force the desired 
quantity of coal to the burner through suitable pipes. 
The lower or return screw is of greater pitch than the upper 
and returns any excess of coal to the base of the hopper. 
By this method a continuous stream of coal passes the 
opening and any portion up to the capacity of the upper 
screw may be utilized by increasing or decreasing the force 
of the cross jet of air. As the lower screw has a greater 
capacity than the upper it is impossible to clog the device 
even w^hen the consumption of coal is altogether stopped. 

The oil was measured as follows: There were two tanks 
with gauge glasses, so that the exact level of oil could be 
determined: the tanks were so connected that one could 
be filled with oil while the other suppUed oil to the furnaces. 



POWDERED COAL IN METALLURGICAL FURNACES 129 

TESTS AT AMERICAN LOCOMOTIVE COMPANY WORKS 

Test on Oil Furnace. 

Nov. 14, 1913. Test started 6:10 a.m.— ran to 3:35 p.m. 

Furnace ran 11 heats, 12 pieces to each heat: pedestal die wedges. 



Heau. 


Time, Minutes. 


ForinnR Time, 
Minutes. 


Pieces. 


1 


31 


18 


12 


2 


25 


18 


12 


3 


20 


16 


12 


4 


21 


19 


12 


5 


23 


18 


12 


6 


21 


17 


12 


7 


40 


22 


12 


8 


28 


16 


12 


9 


21 


16 


12 


10 


23 


17 


12 


11 


31 


16 


12 



Total actual time, 9 hours, 25 minutes. 

Oil used, 1238 gallons. 

Blast on oil burner, 6} ounces from 6-in. pipe, reduced to 4 in. at 
burner. 

Motor, 120 horse-power, runs three No. 10 Sturtevant blowers for 
blast. 

Each blast consumed 1} horse-power. 



COMPARISON OF POWDERED COAL FURNACE AND OIL 

FURNACE 

(Both same size) 



Time run 

Fuel consumed 

Average time per heat . . 
Average time per forging 

Actual forgings 

Forgings to be counted* ...•«•. 
Cost of fuel at contraet 

Cost of fuel delivered to 




Powdered Coal 
Furnace. 


Fuel Oil Furnmee. 


10 hr. 22 min. 


9 hr. 25 min. 


2177 lb. coal 


138 gal. oU 


25.1 min. 


25.8 min. 


1.87 min. 


1.47 min. 


122 


132 




132 




$6.69 (4.8c. 




per gal.) 




$6.89 
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The tanks were accurately calibrated and the oil consumptidn 
computed accordingly. 

The powdered coal furnace ran fif tynseven minutes longer 
than the oil furnace. However, thirty minutes were lost 
because of failure to charge the furnace on November 12 
and eighteen minutes were lost on November 13, because the 
plate for heating the dies was not put in at the proper time. 
The work was on pedestal die wedges, which are of iron. 
The blocks weigh 25 lb. and the forgings 16 lb. The time 
lost on the powdered coal furnace would have been more than 
sufficient for making ten additional forgings, so that the 
amounts turned out by the furnaces should be considered 
equal, as indicated in the table above. 

Some weight should be given the fact that the oil costs 
were probably kept at a minimum, as the operator was 
thoroughly familiar with oil and was able to obtain the maxi- 
mimi heat with the minimum amount of fuel. The same men 
ran the two furnaces and the only variable factor of impor- 
tance was that the ram used on the hanmier at the oil furnace 
was about 500 lb. heavier than the ram on the hammer at 
the coal furnace. This did not affect the time of heats, but 
allowed a quicker forging time and there was therefore less 
time lost with nothing in the furnace, when using oil. 

AMERICAN IRON AND STEEL PLANTS 

The Lebanon plant is described by Mr. James Lord in the 
Western Engineer's Society Proceedings. About 1903, the 
American Iron and Steel Company, noting the use of 
powdered coal in large furnaces in the cement industry, 
commenced the experimental use of this fuel in metallmrgi- 
cal furnaces. 

From the first it was apparent that economical use de- 
pended upon absolute control of the feed by the burner. 
This having been accomplished, the fuel has been applied 
to over one hundred furnaces of various tj7)es, such as those 
for puddling and heating, and of smaller sizes for reheating 
nut, bolt and spike bars. 
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It has proved to be a commercial success for all of the 
sbove purposes and can probably be used with equal economy 
for basic open-hearth steel furnaces, either with or without 
checker work. Experience in the use of this fuel over a 
number of years has been so satisfactory and so economical 
that the company is now largely increasing its installation, 
and is about to apply it to open-hearth furnaces. 

They have found that success in using powdered coal for 
metallurgical furnaces requires: 

1. That both the free and combined moistiu^ be expelled 
by artificial heat, down to about 0.5 per cent. 

2. That the coal be pulverized so that 95 per cent will 
pass through a 100-mesh sieve, and over 80 per cent will 
pass through a 200-mesh sieve. 

3. That delivery to the furnace be controlled by the 
burner so that the proper feed may be secured. The capac- 
ities of burners used at Lebanon range from 40 lb. per hour 
to 900 lb. 

In the puddling and heating furnaces, the firing grates 
formerly used for lump coal serve as combustion chambers 
for the powdered coal, and collect a large portion of the 
ash. The combustion chambers in the heating furnaces hold 
about 6 tons of iron piles, and are about 5 ft. from back to 
bridge wall. Some ash is collected at the base of the stack, 
and some, of impalpable fineness, passes through the stack. 
That which falls upon the material in the furnace is too 
small a percentage to affect it unfavorably. In one of the 
plants, located near a residential section, suction fans have 
been installed to collect the ash. 

The equipment for preparation of the powdered coal at 
the Lebanon plant is as follows : 

The slack coal is conveyed automatically from the car 
to the pile, then taken by screw conveyors to the dryers, 
and in the same manner from the dryers to the pulverizers. 
When ready for use it is similarly conveyed throughout the 
works, in some cases as much as a third of a mile. It is not 
touched by hand or shovel from the freight car to the fumaoc 
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Using slack coal, a crusher is unnecessary. Various types 
of diyers are used. The pulverizers are of two types, the 
horizontal tube mill, and the upright grinding mill. They 
are practically equal in eflSciency, each machine delivering 
4 to 4^ tons per hour. Both of these types of mill are made 
by a number of manufacturers. 

As the coal leaves the pulverizing plant it is weighed 
on a large automatic scale. The heating and puddling 
furnaces have each a small automatic scale, and the total of 
the small scales is checked up each day with the large scale. 

At the end of each line there should be an overflow 
pipe to prevent the coal from choking up the screw, if any- 
thing should happen to the cross lines. Otherwise, should 
the coal overflow near an open fire, it will at once ignite. 

Attached to each of the furnaces is a tank or hopper, of 
size to carry about a fifteen-hours' supply of powdered 
coal. On several occasions the fuel has ignited in these 
tanks, usually on Monday mornings when the left-over coal 
had accumulated moistiu^. In such cases, it is only neces- 
sary to stop the supply and feed the burning coal into the 
furnace xmtil the tank is empty. There is no danger of an 
explosion xmder these conditions. Indeed, during the entire 
experience at the Lebanon works with this fuel there have 
been no explosions. These occur from coal in suspension in a 
room in contact with flame. The same result would follow 
filling a room with wheat flour in suspension. Proper atten- 
tion to the pulverizing plant and machinery will eliminate 
this possible danger. 

The fuel should be delivered to the puddling and heating 
furnaces at a low air pressing. This plant employs 4 to 6 oz. 
of blast to blow the coal through a small pipe from the burner 
inlet to the large blast pipe, which in a heating furnace is from 
10 to 14 in. in diameter. This large pipe conveys the coal 
to the furnace atjyMM| '* oz. or less per square inch. 

If these prasMMtf^^^H ^ roof and side walls of a 

furnace he ' filing mill will last four 

or five m< \ six days per week. 



134 POWDERED COAL AS A FUEL 

As to the economy of the fuel, actual results in the Cen- 
tral works during the months of April and May, 1913, Hie 
as follows: 

Puddling Furnaces. The following figures show the 
quantity of fuel consumed to produce a ton of puddled bar, 
made from gray forge pig iron. (The product during these 
months was high-grade bar requiring special work and time.) 



April, Lb. May. Lb. 



No. Zi fumare 1362 1318 

No. 24 funiace 1109 1277 

No. 25 furnace 1271 1472 

No. 26 furnace 1371 1362 



The average during the same months on a lower grade of 
pig and cast scrap was 1239 lb. 

Heating Furnaces. In heating piles for rolUng the fol- 
lowing results were obtained during the same months: 



Name 


of 


Mill. 


April. Lb. 


May. Lb. 


12-inch Central. 






516 
544 
519 


528 


12-inch West. . 
16-inch Central. 


• • 




570 
533 



The figures show the weight of fuel in pounds, consumed 
to produce a gross ton of rolled bars. On steel billets the 
amount would be one-third less. 

Records for the year 1912 show the cost of preparing 
pulverized coal to have been as follows: 

Rato of Gross ton 
of Coal Powdered 

Fuel for drv'or SO. 034 

Repairs to buildings 0.002 

Operation 0. 145 

Power (steam and (dcctric) 0.221 

Repairs to maehinerj' and eciuipment 0.200 

Total SO. 602 



136 POWDERED COAL AS A FUEL 

This total includes the cost of transmission through 
pip^ to the furnaces. 

The item of repairs includes expenses which should have 
been charged over the past eight years, and the total cost 
of preparation and transmission did not actually exceed 50 
cents per ton of powdered coal produced during 1912. 

If the cost of transmission is separated from that of actual 
preparation, the cost of the latter would be less than 40 
cents. Many plants would not need the expensive trans- 
mission system required at Lebanon. 

In general, so many variable quantities enter into the 
matter of cost that one can hardly set an exact figure. 
At the same time, it is certainly useless to accept the low 
figures given by manufacturers of pulverizing machines. 
We hear much about costs of 10 or 12 cents per ton for 
grinding, which may be adequate for some part of the 
process. What the purchaser wishes to know is the total 
cost of handling the coal from the cars up to the furnace. 
The very extensive and well-designed plant at Lebanon, 
from exact figures, coimts on 50 cents per ton for unloading, 
screening, drying, grinding and placing at the furnace. 
This includes the wages of two men engaged all the time in 
imloading cars and caring for the distribution of the coal. 
It also includes the care of the dryer, care of the grinding 
plants and upkeep of the apparatus. This 50 cents a ton 
is just about taken care of by the difference between the cost 
of slack coal and that of run-of-mine coal, the latter of which 
could be used on ordinary grate fires. 

WTien the coal is prepared as herein outlined, smoke is 
practically eliminated. If the stack shows black smoke, 
it proves that there is wasteful use of the fuel, to the detri- 
ment of the operator's interest, and this is or should be 
at once corrected. 

Fig. 45 shows the outline of a furnace from which gas 
samples and furnace temperatures were taken at the three 
points indicated. Gases were analyzed by an Orsat appa- 
ratus and furnace temperatures were taken by a Thwing 
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radiation pyrometer. The first three runs were made under 
working conditions, heating a pipe pile, and the last three 
with the furnace empty. The coal used contained 54.86 
per cent fixed carbon, 1.85 per cent sulphur, 0.74 per cent 




Fio. 45.— Oullii 



moisture, 32.68 per cent volatile matter and 11.72 per cent 
ai^h. Its computed heat value was 13,250 B.t.u. per pound. 
It was ground so that 89.07 per cent passed over a 100-mesh 
and 70.82 |>er cent over a 200-me8h screen. 
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CHAPTER VIII 

POWDERED COAL UNDER BOILERS 

A PLANT in New Jersey recently visited by the author 
made a test on crushed coal, ground to a fineness of only 
about 60 mesh. The coal was fed into a " coal integrator " 
and conveyed to the boiler furnace, a distance of approxi- 
mately 100 ft., by air at 4 lb. pressure, through a l^-in. 
rubber hose. The test started at 11 a.m. with the furnace 
empty, the steam gauge then showing 80 lb., and at 11:17 
A.M. the gauge was at 123 lb. and the safety valve blew. 
The amount of coal burned during this time was 470 lb. 
and the amount of water evaporated about 9.5 barrels 
of 400 lb. each. Then (400x9.5)^470=8.08 lb. of water 
were evaporated per pound of coal. During the test the 
coal was fed through the top of the furnace, while the air 
for combustion, at 1-oz. pressure, was fed into the furnace 
from both sides at the rate of 180 cu.ft. of air per pound 
of coal. The heat was so concentrated and intense that the 
inside Uning of the fire box door was melted. Ash piled 
up in the furnace, necessitating a shut-down after running 
about an hour, for cleaning out. The trouble was no doubt 
due to insufficient grinding. 

Reference was made in Chapter IV to the apparatus 
devised by WTielpley and Storer, for firing a boiler in part 
with powdered coal. This was experimented with at an 
early date by Chief Engineer B. F. Isherwood, U.S.N. 
The boiler was of the horizontal type \\ith two flues, having 
299 sq.ft. of heating surface and 13^ sq.ft. of grate. A coal 
fire was maintained upon the grate and the powdered coal 
fed in above it, a fire arch being used to maintain the fur- 
nace temperature when the powdered coal was used, but not 
when the grate fire was employed alone. 
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Figs. 47 to 49 show 
an arrangement of ap- 
paratus for burning 
powdered coal under a 
Heine boiler. Most of 
those engaged in ex- 
perimental work on 
powdered coal under 
boilers have ignored 
the fact that a com- 
bustion chamber for 
burning powdered coal 
must be considerably 
larger than one for 
burning the same 
quantity of coal upon 
a grate. The floor of 
the combustion cham- 
ber in this instance 
consists of cinders 
thrown upon a row of 
water-tubes A. There 
is a wide slot in the 
middle of this floor, 
through which the 
Uquid ash may drop 
into the ash pit, which 
is water-cooled. The 
globules of liquid ash 
take on a skin or shell 
in falUng, which pre- 
vents the formatioQ o{ 
a lake at the 
of the ash fdt. 

The 
chamber ahou 



) bottgg 
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FiGB. 47, 48 and 49.— Heine Boilers Arrsnged for Piilveri*ed Coal. 
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a volume of about 1 cu.ft. for each 3 lb. of coal bumed per 
hour. 

In Fig. 48, B are water-tubes which protect the furnace 
walls from smelting; C is the bed of ashes, or floor of the com- 
bustion chamber, D is the slot through which the liquid 
ash may drip, E are the headers and F are the tuyeres. 

The ash pit should be 3 ft. deep to allow the liquid ash 
to cool while falling. All joints should be protected from the 
direct action of the flames. 

At the 1914 spring meeting of the A.S.M.E., Mr. F. R. 
Low presented a paper entitled " Pulverized Coal for Steam- 
Making " which described the following forms of apparatus 
used for powdered coal. 

There have been three general types of apparatus pro- 
duced: Fig. 50 shows the Pinther, in which the powdered 




I. 50. — Ilnther AppHtuti 



coal is emptied into a hopper above a feed-ooi 
mechanism and is then carried into a furnace Iqr 
draft; the second type is that having a mechaili 
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like the revolving brush of the Schwartzkopf apparatus, 
Fig. 51; and the third form is that in which the coal is 
blown into the futnace, as in the Day or Ideal apparatus. 

With the first type, boiler efficiencies of from 75 to 80 
per cent were obtained, but the capacity was limited. When 
sufficient draft was applied to introduce a con^derable 
amount of coal, the velocity was such as to carry unconsumed 
particles of coal into the back connection and tubes. When 
fuel was introduced into the powdered fuel furnace at a rate 
which gave the full rated capacity of the boiler, a particle 




Fii;. 51— Scliwurtikopf Apparali 



remained in the combustion zone of an ordinary furnace 
less than half a second. 

In 1910, Mr. J. E. Blake installed under a 300-horse- 
power water-tube boiler at the Henry Phipps power plant 
the arrangement shown in Fig. 52. The pulverizer served 
as its own blower, sending the powdered coal, mixed wilh 
air, to the furnace; where, in this installation, it was intro- 
duced by a series of nozzles extending across the width of 
the furnace. A little less than the rated horse power of 
the boiler was obtained, with an efficiency of about 79 yet 
cent. 

A later form of the Blake apparatus was installed in the 
winter of 1913 at the Peter Doelger brewery in New York. 
The powdered coal was delivered into the top of an exten- 
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90Q furnace or " Dutdi oven." &ndcde8B cmnbustion and 
hi^ effidencT were obtained, the {Hindpal trouble being 
from slag, wfaidi accumulated on the roof and side of the 
furnace and pikd up in such masses upon the floor that fre- 
quent shut-downs were required fcH* its ronoval. As much 
water was evaporated with 1000 lb. o( the powdered coal 
as had formerly be»i evapcxated with 1400 lb. of ordinary 
coal, but the cost oi furnace maintenance, the frequent 
laying-off of the b(Hler for the ronoval of slag, and the cost 
o( pulverizing, counteracted this advantage and the system 
was abandoned af t^ a trial of about d^t weeks. 

^Ir. Claude Bettingdon oi Johannesburg, South Africa 
(located in a section where the price of coal is high), attacked 
the problem bv- designing a boiler e^)ecially for use with 
powdered coal. He took out his first patent in the United 
States, but the boiler was first commercially exploited in 
England. In this boiler, the feed is upward, as shown in 
Fig. 53, through a water-jacketed nozzle in the center of a 
vertical furnace. The pulverizer acts as a blower, and the 
air supply is preheated. From the pulverizer the coal passes 
to a separator, where the larger particles settle out and return 
again to be treated, the finer passing on as coal in suspension. 
As a particle has to pass twice the length of the furnace 
(upward and downward) to escape, there is no diflSculty in 
obtaining complete combustion. 

The inner row of tubes of the circular furnace are covered 
with a special refractory covering to within a short distance 
of the bottom header, making a brick-lined combustion 
chamber. Special bricks are placed loosely aroxmd the 
tubes, but they soon become coated with molten ash and 
slag, which weld them into a solid wall and close the crevices 
between the lining and the top header. The ash which is 
not so slagged to the furnace surfaces, or carried out by the 
draft, drips into the ash pit below the lower header. The 
destructive effect of an impinging flame upon the brick- 
work is avoided by receiving the flame upon the lower head 
of the central drum, or upon the accumulation of gas in 
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the upper end of the chamber. The region of greatest heat 
intensity is in the core, while the tubes and shell are sub- 
jected to the lesser temperatiu'es of the somewhat cooled 
gases, which have not yet passed away. The radiant 
heat is very effective upon tubes and shell, and the metal 
surfaces must be kept perfectly clean. Particular care must 
be taken as to the water level. One of these boilers having 
2606 sq.ft. of heating surface has been running for over 
four years at the works of the builders. It evaporates 
regularly 14,000 lb. and has been worked up to 22,000 lb. 
of water per hour. These rates, however (5.4 and 8.4 lb. 
per square foot of heating surface) are attained with stoker- 
fired boilers using ordinary coal. 

A contributor to Power who has had two of these boUers 
in charge says that the steel head of the upper drum burned 
through at one time, probably because dirt collected upon 
it; and that in spite of the cooling effect of the tubes the 
special bricks forming the furnace quickly bum away, 
and frequent renewals are necessary. Care must be taken 
lest the lining burn through and the gas be short-circuited. 
Although this boiler will burn low-grade coals successfully, 
and while under steam is easily managed, one fireman being 
able to look after several boilers, these advantages are largely 
offset, in his opinion, by high cleaning and maintenance 
charges. 

The makers say their experience has been that a lining 
will last about two years, and that even large holes will 
automatically seal up. The parts which require most fre- 
quent renewals are the beaters and liners of the pulverizer. 
These are of manganese steel, and can be replaced in about 
two hours. The makers claim an approximate life for the 
beaters corresponding with 1500, and for the liners with 
2000 tons of coal handled. A user, after ten months of 
experience, says that the set of blades runs from 1000 to 
1200 hours. The use of heated air in the pulverizer allows 
coal ha\dng 15 per cent or more of moistiu'e to be handled 
successfully; a separate heater or dryer is recommended with 
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large boilers. The makers allow 2 to 3 per cent of the boiler 
capacity for pulverizing. There has been some trouble from 
leaky water jackets, putting the flame out, but this has 
been overcome by the use of welded jackets. The COj 
is carried at about 15 per cent in regular practice. The 
possibitity of getting an adequate supply of oxygen to the 
finely comminuted carbon faciUtates perfect and smokeless 
combmtion with a Tninimnm air supply, but with the rates 
of combustion demanded in present practice the result 
is often an excessively high temperature with erosive and 
reducing characteristics which, however good they may be 
for metallurgical purposes, are not favorable to the longevity 
of a boiler furnace. If this temperature is kept down by 
feeding less fuel, the capacity is limited, while if it is kept 
down by using an excess of air the economic advantage just 
cited is sacrificed. 

Boiler at Works of the General Electric Company. Mr. 
A. S. Mann has described in the General Electric Review 
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coal dust. It was a single 474 horse-pover (10 sq.ft. 
rating) unit that bad formerly been fitted with an extension 
front, making a 4-ft. Dutch oven, for burning (h1. He used 
the same oven and the same front for the coal furnace, but 




li., ,". l'.»vcicr«i CW in H. 4 W. Boiler. 



tlio internal arrannt'nients were altered. Fig, 54 shows a 
lonRituiliiial sct-tion of this furnace, Fig. 55 is a photograph 
of tlio frniit. ami Fip. ;">() is a diagram of the front. 

The f^anie fcodors and the same driving gear are u» 
those shown in Figs. 34 and 40. In order to peai* 
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mixture and to supply both air and coal in small quantities 
six burners and six feeders were used. Air is admitted 
at six separate ports; that is, each particle of coal encounters 
six air currents before it passes on to the heating surface; 
and every air current is pointed across, or at an angle with, 
the burning current, thus making the stirring action perfect. 
In consequence, combustion is virtually complete in 8 ft. 
of travel even when carrying 200 per cent of normal load. 
Five hundred and twenty pounds per front foot of furnace 
have been burned with only 7 ft. between header and floor 
hne. The boiler has carried 265 per cent load long enough 
to show that such loads are possible, and 220 p^ cent or 







FiQ. 56.— Front of Boiler— General Electric Co. 



more can be carried indefinitely, for there are no cleaning 
periods. 

The six burners across the furnace front are so arranged 
that the air currents issuing from them revolve in counter 
directions with respect to each pair. The diagram of 
Kg. 57 shows this relationship. The air currents act like a 
train of tnotlu-d geara at the tuyere mouth and so tend to 
presen'e a path of travel normal to the general gas current. 
Those swirlin(j raaa aeBjtt oe I a little way only, when they 
meet with jS^f^l^Bk/ ports. Fig. 58 shows this 
m '*rd in a corkscrew path, 

result is thccur\'eD. 
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The whole volume follows this path and can be plainly 
seen at light loads making its turn beneath the arch. There 
are six cur\'es like D, one for each burner, and each curve 




Fkj. 57. — Arrangement of Burners. — B. & W. Boiler. 

is a corkscrew at least part way. The side wall currents help 
to prolong the mixing action. 

()iH» (linirulty presents itself in burning powdered coal 
that is not u\v\ in burning coal by the usual processes. 
Pow(I(T(hI coal is burned in suspension, and as it travels at 
40 or 50 ft. jMT second it must be consumed in one-sixth 
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Fk;. oS. — Air Curri'iiis in lioilrr Furnace. 

second or so. If it is not, it will not be completely oxidized. 
During this brief time interval there is only one-fifth 
pound burning in this boiler, even at heaviest loads. 
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instant is there a greater quantity of coal than this in the 
furnace. With a grate, no coal particle need bum in a short 
time, the average time for all particles being half an hour, 
for there is a ton and a half or so on the grate, burning 
slowly. This apparent disability really works to the 
advantage of powdered coal. 

For starting a first fire beneath this boiler, an armful 
of kindling was placed at the mouth of one burner and 
lighted; then secondary air was admitted at this burner, 
followed by primary air. A switch started a motor and its 
feeder, sending down coal; and with a puff of smoke the 
fire was going. The next burner caught from the first and 
so two more, making four in all, were set at work. The 
memorandum taken at the time was: 

8:26 A.M., light fire, foxu* burners § on; 
8:33 A.M., 10 lb. pressure; 
8:46 A.M., 140 lb. pressure. 

At 8 :46 A.M. the fireman checked his coal feed and went up 
overhead to open the stop valve, and in two more minutes 
the boiler was carrying its load. 

This fire was started in a new cold furnace beneath a 
boiler full of cold water. With half the coal-burning capacity 
in use, pressure was up in twenty minutes. 

The first boiler trial gave 68 per cent efficiency with 
131 per cent of normal load. Efficiencies were calculated 
by dividing the heat in the steam by the heat in the coal 
(laboratory test) that produced it. That is, if there were 
realized 10 lb. of equivalent evaporation per pound of coal 
and the coal contained 14,000 B.t.u., the efficiency was 
(10 X 966) -^ 14,000 = 0.69. Successive trials gave the results 
shown in the table below: 

RESULTS OF BOILER TRIALS 



per cent .... 
, per cent 



1 


•> 

*» 


3 
212 


4 


5 
07 


6 


7 
l'>4 


8 


9 


131 


ISO 


119 


i:>4 


141 


68 


63 8 


ef) . 8 


♦V8 


71 8 


♦if) . 5 


71 


69 4 


66 1 


210 


178 


KV) 


190 


2.'i() 


IHl 


20<) 


226 


216 


669 


684 


786 


583 


568 


«).".2 


m.i 


(kSo 


628 



10 

1(^ 

6'i 7 

16H 
67 S 



11 

2().> 

20S 
724 
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Since the last and best trial the boiler has given as good 
or better ef&ciencies for a week at a time, including coal for 
all purposes, and using raiboad weights for coal, the fire 
being put out at 5 p.m. and kindled fresh at 7 SO a.m. every 
day. 

The earlier experiments showed nothing remarkable in 
economy, but in the beginning it was not known how much 
air to use or where best to admit it. After experiment No. 5, 
observations began to coordinate. Nos. 7 and 8 were in- 
structive, but some mistakes were made before reaching 
No. 11, and this was not final. Better work can be done 
with less air, though perhaps there are many fires not 
giving 75.7 per cent efficiency at 205 per cent load. 

Mr. Mann experimented in a comprehensive way with 
air dampers, noting air volumes, flue temperatures and color 
of smoke. Each air supply had its damper, and these were 
adjusted independently. With a given coal feed if it was 
found that changing the points of application of air permitted 
a reduction in air volume, with an accompanying rise in flue 
temperature and with no smoke, it was concluded that an 
improvement was being made. 

In this way it was found best to admit as little air at 
A and B as possible, a great deal at C, some at D, and a little 
at -E (F is used only on heaviest loads, that is above 210 
per cent). In general it may be stated that, as the air 
supply departs from 200 cu.ft. per pound of coal, eflBciency 
falls. 

The operator is supplied ^^ith gauges which gave him 
the heights of water column corresponding with definite 
air volumes. Each gauge is marked with its corresponding 
number of coal notches on feeder rheostats. The fireman 
thus makes the water column fix his coal feed. Dampers 
are marked and results are definite. 

It is to be observed that in measuring air the volume 
is much better than measuring the CO2 in chinmey gases. 
Two hundred feet of air gives CO2 of about 15.3 per cent; 
208 ft. gives 14.7 per cent; and this small change (which 
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no CO2 apparatus can be sure of) gives a marked change in 
evaporation. The same change in air volume makes the 
water colimm move i in. Furthermore, the fireman knows 
of any change mstantly. He measures it and he measures 
all of the air: while the CO2 content is judged from a 
minute sample and is half an hour behind the time. 

It will pay so to arrange the air piping on any boiler that 
air volumes can be measured instantly, and this is true 
whether a chinmey or a fan produces the draft. A nozzle 
plug is used in the pipe, though perhaps a Pitot tube might 
do; however, the nozzle plug acts well and it is liked. 
If a fireman sees his water colunm go up he knows that a 
hole is coming in his fire and he knows it right away. This 
knowledge is of more value to him than any other informa- 
tion of the sort he could have. 

Boiler trials already made point the way to improvement. 
There is enough heat in the flue gases to warrant the placing 
of heating surface in its path. Everjrthing in the shape of 
tar has been burned out of the fuel, and it is planned to put 
about 600 ft. of l^in. tubing in the breeching and send 
feed water through it. The stack is clear. All soot drops 
in the gas chambers long before reaching the stack, so that 
all troubles commonly met with on this account are absent. 
More trials will be conducted when this addition is ready. 

Other losses are not great. Radiation from the furnace 
is small, for the furnace is virtually surrounded with air 
passages, and heat that gets into them is returned to the 
IFurnace. These air passages, and the deflecting air currents, 
C, Df Ey and F, do much toward protecting the furnace walk. 
One arch has been burned out. It melted down from ' 
to 4 in., when it fell, but it has stood up nearly six n^ 
It did not run every day with heavy load and df ' 
nights at all; but it was made of common fire b 
are not intended for high temperatures. The HI 
better material, the bricks costing $37.00 pe 
It may pay to use carborundum. 

As to how much it costs to fire boilers with pi 
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that depends upon how much is made. Coal has to be 
crushed, elevated, dried and distributed, whatever burning 
system is used. There are two elevations and the additional 
pulverizing for powdered coal. The question of real interest 
is, how much more does it cost to prepare and burn coal than 
by the usual process. In this plant, the pulverizer is small, 
and the first cost with motor installed was about $1000 
per ton pulverized per daj'. If it were to run only five hours 
a daj', leaving ample time for repairs, fixed charges would 
amount to about 7 cents per ton, allowing 10 per cent per 
year. 

Electric current costs, in cents per ton, are as follows: 
Driving dryer, 1.95; two elevations, 0.77; pulverizing, 14-8; 
which makes 17.52 cents per short ton for current and 
24.52 cents total cost including fixed charges. This total 
is reduced by about one-third with large pulverizers. 

The pulverizer calls for some attention, but it is in the 
coal house with other machinery and whatever labor it 
needs is more than made up in decreased labor of firing. The 
blower at the furnace gives a pressure of 3 oz., which is 
ample, so that 25 cents additional per ton is all that can be 
chari!;(Ml against pulverized coal. The plant has not run 
l{)n«c C'ii()uj:h to s;iy what the cost of repairs will be, but two 
y(K v> (»f rxjKM'icnco liave' shown that it is nominal, or at 
'. s: no [rrcat(T than is invi with in all coal-handling ma- 
chiiKTV. 

Fip?. ."iH ni:(l r»0 show ilio plan of a powdered coal plant 
\vhit»h tlic Fii!!(^r Iji^incoring Company have recently f. 
install('<i for tlie Missouri, Kansiis & Texas Railroad, at ^] 
Par^ms, Kansas. This plant will, when completed, contain * 
ten 250 lioi-so-powtT Heine I)oilei's; although at the present ' 
time only ciglit boilers an installed. 

Fig. 01 gives a cross-sect i(;n through the boiler setting 
and shows just how the powdered coal is handled into the 
combustion chambers. 

The engineers of this plant made the following replies 
to questions submitted by the author: 
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1.>S K^WDEEED COAL AS A F1"EL 

1 . Tbe amouDt of coal burned per horse powa- depends 
etrictlr upon tbe quality of coal burned. It is safe to assume 
that a bcnkr efficieDCT (rf not kss than 75 per cent can 
readily be obtained with powdered coal as a fuel. In 
our practice we base our calculatioDS on using 1293 heat 
units per pound of water from and at 212°. The equivalent 
evaporation obtained per pound of coal burned should equal 
the heat value of the coal used di\-ided by 12^. 

2. The steam pressure will be 150 lb., and with feed 
water at a temperature of 200° the factor <rf evaporation will 
be 1.0584. 

3. As to feed control, there wiU be located directly below, 
and attached to, the powdered coal storage bin, a feed-screw 
operating inside of a bored cast pipe with very little cleai^ 
ance (to prevent the coal from rushing around the screw 
or passing the screw when in operatioD). The feed-^crew is 
driven by means of a motor, dri\'Tng directly to a speed 
regulator, and then through the speed regulator to tbe feed 
screw. Air supply for carrjing the coal into the furnace 
and for rombusiioii will be furnished by a fan driven by a 
direct-cnmicctod motor. There will be one fan for each 
two boilors. There are gates located in each blast pipe 
loading to the ronibustion chambers, and also a r^ulating 
(rone for wiryiiig the effective area between the blast pipe 
and the outside pipe, at the entrance point in the front wall 
of combustion chamber. The regulating cone controls the 
percentage of excess air induced. By means of the equip- 
ment outlined, positive control of the amount of coal as well 
as of the amount of air supplied will be attained and also the 
pressure of air admitted to the furnace will be under control. 

4. The fireman will bo governed in making adjustments 
by conditions and by the demand for steam. With proper 
apparatus at han<I, he %vill be able to regulate the supply 
at all times. Firemen having had some experience 
powdered coal burning should be able to judge by the ftpy-ji 
ance of the furnace whether pn^ 
obtained. 



I 
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5. With the furnace properly dedgned and proportioned 
to the quantity of coal to be burned, no serious effects will 
occur because of flame impingement against the bridge wall. 
Furnaces for burning powdered coal are to-day designed 
so that excessive velocities are eliminated. High velocities 
cause destructive conditions. 

6. It is not expected that the conveyor screw will break 
with properly designed feeding mechanism, but an extra 
screw should be on hand. Slides are located between the 
feeder and the bin proper, so that should any accident occur 
requiring the insertion of a new feed-screw, this can readily 
be done. The bin capacity is designed to suit operating 
conditions. A ten-hours' supply can easily be stored in 
bins in front of the boilers, and more if desired. The design 
of the bins, however, should be such that when coal is being 
fed from the bottom the majority of the coal is in motion. 

7. With coal properly prepared and pulverized and 
burned in a properly deagned furnace, 76 to 80 per cent 
of the ash will deposit in the combustion chamber, the 
balance of the ash being so fine after the carbon is burned 
out that it is carried away as a Ught haze. 

8. The coal vnH not cake in the bin in a properly managed 
plant, or in one which has suitable equipment. The drying 
apparatus is sufficiently large to take care of the maximum 
powdered coal demand. 

9. There are 38 lb. of powdered coal to a cubic foot. 

10. So far as we know the boilers will be intermittently 
fired, operating full during the day and at about one-quarter 
c^wdty at night. 

11. ■\Vc have- raised st^am in a 400-horse-power Rust 
boiler nilli cold wtting, ami mth feed %vater at 180°, in 
forly-five to fifty-five nunutcs. to 150 lb. gauge pressure. 
However, thi« practice oat ROod as it forces the setting 
somewhat and is likely mse trouble with the furnace 
walls. 

i-irning powdered coal under 
CO since March. 1915, at 
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the watks cA the American Locxxnotive Ca, Schenectady, 
N. Y. Some data on this plant are ghnoi by Bfr. C. L. 
Heisler in the Journal oi the A.S.M^ for Decanber, 1916. 
The percentage of CO2, by a recording chart checked by the 
Qrsat apparatus, is rarely und^ 16 and is ott&ier above 17. 
The boil^ is one of a battery of Franklin wat^-tube boilers, 
the rest of which employ mechanical stokers. It was fitted 
with a deep hopper-shaped furnace extending the whde 
l«[igth oi the boiler and tapmng down to a slag pit at the 
bottom, without vertical walls or arches. The coal ent^B 
the front end at an angle (A about 45^ with the vertical. 
The 9-in. front sloping furnace wall is suj^xMrted by a row 
erf scrap boiler tubes. The lower row (rf water tubes is 
shidded at the rear half of its length by the ordinary tiling 
of a Heine setting. 

Coal is fed by a screw f eedar from a hopper into the air 
Uast at a point about 3 ft. away from the furnace taywes. 
Three tuwres are used, consisting erf wrou^t-iron pipe 
nipples, 10 by 24 in. The air blast pressure is from J to 
1| oz., atmospheric pressure is maintained in the furnace, 
and there is a slight suction inward at the slag hcrfe at the 
base of the furnace. 

The sloping side walk of the furnace are coated with 1 to 
3 in, of slag and are in perfect condition. Xo trouUe is 
experienced tn>m coke or cinders clogging the spaces between 
the \i"ater tubes. Repairs ha^•e been trifling. Evapora- 
tive tests have shown a materially hi^er efficiency than 
could be obtained! fivm a duplicate boil» with ordinary 
coal firevi by mechanical stokers, and a much quicker re- 
sponse is made to sudden demands fc^" steam. An ordinary 
firwoom helper was able to gi\^ the furnace all the attention 
required. 



CHAPTER IX 

POWDERED COAL FOR LOCOMOTIVES 

Mr, J. E. MuHLFELD, in a paper read before the New 
York Railroad Club at its February, 1916, meeting, and in a 
subsequent paper presented to the A.S.M.E. at its meeting 
of December, 1916, has presented data on the application 
of powdered coal to locomotives from which the following 
is largely abstracted. 

The present annual consimiption of powdered coal in the 
United States is over 8,000,000 tons. The general use of this 
fuel in industrial kilns and furnaces has demonstrated its 
effectiveness and economy. 

The expenditure for locomotive fuel (which the Inter- 
state Conmierce Commission reports as $249,507,624, or 
about 23 per cent of the transportation expenses of 242,657 
operated miles of steam railway in the United States, for the 
fiscal year ending June 30, 1915) is, next to labor, the largest 
single item of cost in steam railway operation. 

The necessity for conserving the limited supply of oil 
in the rapidly exhausting fields for other than locomotive 
purposes will shortly eliminate it from railway motive power 
use. 

The large quantity of steam used by the modem loco- 
motive necessitates high rates of evaporation, and these 
can be economically obtained only by some means for burn- 
ing solid fuel other than on grates; in order to reduce the 
waste due to the loss of combustible dust and that from 
imperfect combustion. 

Steam locomotives must be equipped to approximate 

more nearly the electric locomotive, \nth regard to the 

elimination of smoke, soot, cinders and sparks; the reduction 

iae, time for dispatching at terminals, and stand-by 

Kil 
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loGses; and the increasiiig <tf the daOy mileage by kHigier 
TUBS and mote nearly ocmtiniious service between general 



WcNrkmoi ci a hi^ier average quality should be induced 
to enter the smrice as fiiemau dig^Ue for pranoticMi as 
engineos, by reducing the arduous work now required to 
shovd ahead and supply coarse coal to grates; and to rake 
and dean fires and ash-pans. 

The future steam locomotive will be required to produce 
maximum hauBng c^ndty per unit <tf total weight, at the 
minimum cost per pound <tf draw-bar pulL and with the 
least lialulity to dday because <tf mechanical failures. 

In meeting the conditions outlined above, powdered 
coal has succeeded bc:!ause of the fcdlowing advantages: 

1. It oSers oi^x>rtimity fc^* even greater accomplish- 
ments in the steam railway field than have hoetctfoie been 
throu^ its use in cement kilns and in metalluigical 



2. It produces a saving <tf from 15 to 25 per c&it in coal 
<tf equrvaleoit heat vahie, as compared with hand firing of 
coarse coal oa grates. Powdered coal may run as high 
as 10 per c«it in suIjAur and 35 per c»it in a^ and still 
{Hoduce in5iTimnTn Steam-healing capacity: so that other- 
wise unsuitable and unsalable or refuse grades <tf coal may 
be utiliied« and hoace the saving in cost per unit of heat 
evolved will be a conaderable it«Q. 

3. It enables us to maintain fire-box temperatures and 
sustained boikr capacities equivalent to and exceeding 
those obtainable firam crude or fuel oil. 

4. It maintains the steam locomotive on its present 
rdativdy low first cc^ and expense-for-fixed-charge basB^ 
and furtho- reduces the cost for maintenance and operatioii 
of large units. 

5. It eliminates the waste pawhicts of OMubustion and 
fire hazards, and pennits the enlar^meat of exhaiEt steam 
passages and thus produces increased efficiency at the cylin- 



POWDERED COAL FOR LOCOMOTIVES 163 

Commencing with Richard Trevithick's locomotive, 
which was built in 1803, and was the first actually to per- 
form transportation service, general practice has been to 
bium wood, coal and other solid fuels in locomotive fire- 
boxes, on grates. 

During the early development stages this method pro- 
vided adequate means for utilizing the relatively high grade 
available fuel effectively and economically, as the rate of 
combustion per square foot of grate surface per hour were 
relatively low. But, during the past twenty-five years, 
continued increases in locomotive tractive force have so 
increased required rates of combustion that the quantity of 
fuel used per unit of work performed is far beyond what may 
be realized by more effective means now available. 

While great progress has been made in the superheating 
and use of steam, the principal improvements that have been 
perfected in steam generation have been through enlarged 
heating surfaces better circulation of water, regulation of 
air admission and the use of fire-brick arches. 

Early Use of Powdered Coal. The Manhattan Railroad 
in New York City conducted experiments with the use of 
coal dust in one of their locomotives about fifteen years ago. 
The pulverizing of the fuel and the discharge of the coal and 
air into the fire-box were accomplished through the use of a 
combined pulverizer, blower and steam turbine located on the 
locomotive. In this case the cylinder exhaust was not 
used to produce boiler draft; the coal dust was relatively 
coarse; and no provision was made for precipitating and 
cooling the furnace slag; all of which factors no doubt con- 
tributed to the failure of the experiment. 

The Swedish Government Railways have also done some 
experimental work in the burning of peat and coal powder 
in small steam locomotives during the past few years, the 
fuel being prepared before supplying it to the locomotive 
tender. In this case the powder was blown into the furnace 
by steam and the fire-box brick work was very complicated. 

Various other experimental efforts have been made by 
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railways in the United States and elsewhere, bat, so far as is 
known, they have not until recently resulted in r^golar train 
operation. 

The first steam r^way locomotive of any ccHisideTable 
size to be fitted up in the United States or Canada («*, 
so far as is known, in the world) with a successful self- 
contained equipment for the burning of powdered coal in 
suspension was a ten-wheel type engine on the New York 
Central Railroad. This locomotive has 22 by 2&in. 
cylinders; 69-in. diameter drivers; 200-lb. boiler pressure: 
55 sq.ft. of grate surface; is equipped with Schmidt super- 
heater and a Walschaerts valve gear; has 31,000 lb. trac- 
tive power and was first converted into a powdered coal 
burner in the early part of 1914. 

Since the development of that application similar instal- 
lations have been made on a Chicago & Northwestern 
Railway Atlantic type locomotive, and also on a new 
consolidation type of locomotive recently built for the 
Delaware & Hudson Company. This latter locomotive 
is probably the largest of its type in the world. It has 
63-in. diameter drivers and about 63,000 lb. of tractive 
force, having been designed for combination fast and 
tonnage freight service. 

This latest effort toward the burning of powdered coal 
in steam locomoti\TS has now passed the experimental 
stage, and arrangomentv^ have boon made for proceeding 
with commercial appUoi^tions a?;^ rapidly as the equipment 
can be producoil. 

Any solid f\iol x^ hn^h v/, a .5r> j^:;l\Trized form will have 
twi>-(hinls of its \\%nto%u> ^^^^u^;fe^;iKo. is suitable for steam- 
genoratiixg pm^xv^'^ 

Tl\o gt>nor,-ill> iw\>in\iiJt\l waste, unsalable and other- 
wise low-vaUio c\^ mine and strip-pit products, such as 
(lust, sweepings, culm, slack and sorvonings, as well 
lignite and peat, are suitable as are the larger sizes and, 
grades, for drying and pulverizing with a \iew ^ 
steam-generating purposes. 
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4. To eliminate the Decessity for any tnft i mftl V>^T>Hling 
of fuel, fire or ashes in the operation. 

5. To insure positive control over the fuel feed, in order 




to meet quickly all conditions of road or terminal operation, 
and to provide for quick firing-up, free steaming, good 
combustion, regularity of boiler pressure, uniform fire-box 
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temperature, and mftyimiiin capacity of boil^, with the mini- 
mum beat loss. 

6. To place the entire regulation of combustion tmder 
three hand-control levers in the cab; i.e., fuel feed, air 
supply, and induced draft (the last employed when the loco- 
motive is not using steam). 

7. To provide a type of refractory furnace that will insure 
ready accessibility to all parts of the fire box for inspection 
and maintenance. 

8. To insure a supply of dry fuel under all conditions 
of weather. 

9. To eliminate the necessity for firing tools, such as 
scoops, rakes, hoes, slash-bars and grate shakers, as well as 
to obviate the glare, heat effect, and lowering of fire-box 
temperature and draft from the opening of the furnace door. 

10. To minimize the noise and dust in the cab. 

11. To reduce necessary engine-house facilities and 
delays, and expenses incident to building, preparing, clean- 
ing and dumping fires and hostlering locomotives. 

12. To make the powdered coat burning and storage 
equipment on the engine and tender readily convertible for 
the use of fuel oil. 

In the application of powdered coal burning equipment 
to existing types of steam locomotives, the following con- 
stitute all the changes that are necessary: 

Smoke Box. Kemove the existing diaphragm, table and 
deflector plates, nettings, hand holes and cinder hoppers, 
enlarge the exhaust nozzle opening. 

Fire Box. Remove tlie exisling grates, ash pans, fire 
doors and operating gear; utilize the usual arch tubes and 
sectional type of brick arch; and install fire-brick-lined 
fire pan, primary arch, fuel and air mixers and nuzzle. 

Cab. Install regulating levers for fucoiUK door, fud 
and air supply. 

Tender. Install enclosed fuel cont;r i . , r, 

fuel and pressure air conveying fi*'t ■ i ,.,.' 

discharge apparatus, and steaii. 
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Fig. 64 — Single-unit Gravity Millinft Plant, Hudson Coal Co. Capacity 

2 Tons per Hour 
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Engine and Tender Connections. These are made by 
the use of one or more sections of hose, which connect the 
fuel and pressure air outlets on the tender, with the fuel 
and pressure air nozzles on the engine. Metallic flexible 



Kitvn 




Fia. 65. — Doubto-UDit Pbuit and Single-bin Locomotive CoBling Station. 
Capacity 8 Tons per Hour. 



conduits are employed for conveying the fan blast and fuel- 
feeding motive power. 

Operati<HL For hring up a li 
blower is tum<?d on in the stack, ft- 
is then passed through the fire-box 
on the furnace floor, just ahead of ' 
which the pressure fan and one each 
air feeders are started. 
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From forty-five to sixty minutes is ordinarily sufficient 
to get up 200 lb. of steam pressure from boiler water at 
40^ F. 

After firing up, the regulation of the fuel and air supply 
is adjusted to suit the standing, drifting or working condl- 
tionSy the stack blower being used only when the locomotive 
is not using steam. 

The process of feeding and biuning powdered coal may be 
briefly stated as follows: the prepared fuel, having been 
supplied to the enclosed fuel tank, gravitates to the conveyor 
screws, which carry it to the fuel and pressure air feeders, 
where it is thoroughly commingled with and carried by the 
pressure air through the connecting hose to the fuel and 
pressure air nozzles and blown into the fuel and air mixers. 

Additional air is supplied in the fuel and air mixers; 
and this mixture, now in combustible form, is drawn into the 
furnace by the smoke-box draft. 

The flame produced when the combustible mixture enters 
the furnace obtains its average maximum temperature 
(from 2500 to 2900° F.) at the forward combustion zone 
under the main arch ; and at this point auxiliary air, induced 
by the smoke-box draft, finally completes the combustion 
process. 

The smoke-box gas analysis will show between 13 and 
14 per cent of CO2, when coal is fired at the rate of 3000 lb. 
per hour; between 14 and 15 per cent at the rate of 3500 lb. 
per hour; and between 15 and 16 per cent at the rate of 
4000 lb. per hour; so that as the rate of combustion increases, 
there is no falling off in the efficiency of combustion, as when 
coarse coal is fired on the grates. 

The waste of fuel from the stack, where ordinary coal 
having a large percentage of dust and slack is used; the 
lowering of the fire-box temperatures and draft by the open- 
ing of the fire door ; and the resultant variations in standing 
and general results under high rates of combustion, are ^ 
entirely eliminated with powdered coal. 

The uniformity with which locomotives 
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is indicated by the fact that regularly assigned firemen can 
maintain steam within two pounds of the maximum allow- 
able pressure, without popping o£f. 

As each of the fuel and pressure air feeders has a range 
in capacity from 500 up to 4000 lb. of powdered coal per 
hour, and as from one to five of these may be easily applied 
to the ordinary locomotive tender, there is no diflSculty in 
meeting any desired boiler and superheater capacity. 

As in the case of electric locomotives, but little actual 
operating data are as yet available. 

The first complete installations of a fuel-drying and pul- 
verizing plant and locomotive coaling station, in combina- 
tion with locomotives equipped for burning powdered coal, 
will be made by the Delaware & Hudson Company and the 
Missouri, Kansas & Texas Railway, and these are not yet 
ready for operation. The locomotives so far equipped on 
other railways are still depending upon the outside or 
inadequately equipped sources for their supply of powdered 
coal, which makes the handling somewhat difficult. 

Mr. Muhlfeld gives the following record from tests of an 
Atlantic type passenger locomotive, fired with Kentucky 
imwashed screenings, 83 per cent of which ran lOO-mesh 
or finer: 

LOCOMOTIVE PERFORMANCE 

Miles run 171 

Running time, hours 3.87 

Train, number of cars 5.8 

Train, tonnage 291 

Speed, miles per hour 44 . 2 

Drawbar pull, pounds 2711 

Horse power 319 . 5 

Fuel used, tons 3 82 

Wate used, gaUons 838 1 

hone^wwer-hour, pounds 6. 17 

5r-hour, pounds 56 . 48 

'oer pound of coal, pounds. ... 9.15 

♦ ^12* F., pounds 11.1 

// 
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Samples of gas taken from the smoke box gave the results 
below: 



Pounds of Coal 
Burned per Hr. 


Per Cent of 


COi 


CO 





3067 
3498 
3931 
4000 


14.5 
15.2 
15.2 
16.4 


0.0 
0.0 
0.0 
0.4 


4.5 
2.8 
4.0 
2.6 



On a 10-wheel locomotive in freight service, three trials 
gave the results subjoined: 



Item. 



FinenraH, per cent through 200-mpfth 

Moiature, per cent 

Volatile, per cent 

Fixed carbon, per cent 

Aah, per cent 

Sulphur, per cent 

B.t.u. per pound 

Miloii run, total 

Cars per train, averaice 

AdjuattHi tonnage per train, average 

Speed when train was in motion, mileejper hour, averago. 

Broiler premure when using steam (200 lr> ), average 

Front-end draft when using steam, in. of water, average. . 

Firebox draft when using steam, in. of water, average 

Temperature of steam, dog. F , 

Coal fires per hour of running time, lb. (average) 

Adjusted ton-miles per lb. of coal (average) 



PULTBRISrD 



Bitumin- 
ous. 



0.85 

0.40 

24.72 

68.43 

6.85 

1.06 

14,739 

1,324 

61 

1,719 

26 

198.3 
7.15 
3.501 
563 
3,275 
13.84 



3 

Bitumin- 
ous. 



0.85 

0.81 

36.27 

58.29 

5.44 

0.68 

14.334 

426 

65 

1,808 

25 

193 

7 

3.22 
573 
3,063 
13.97 



3 

Bitumin- 
ous. 



.5 
.79 



85 
0.59 
24.36 
65.05 
10.59 
0.84 
13,912 
398 
60 
1.759 
24 

194.9 
6.69 
3.18 
555 
3,457 
11.59 



The locomotive was worked at its maximum capacity 
on all trips, about 10 per cent more tonnage being hauled 
than is usual for like locomotives burning coal on grates; 
and practically at fast-freight schedule speed. The exhaust 
nozzle opening was about 25 per cent larger than the maxi- 
mum for hand firing. 

The general results were excellent, particularly with 
to tonnage, speed, combustion, and steam pressure, 
maintained at full speed with the injector 
^dmum amount of water to the boiler. 

•sulphur coal (No. 1) and the hipjhest- 
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ash coal (No. 3) there was less than 1 cu.ft. of slag in the slag 
box at the end of each run, and practically no collection of 
ash or Boot on the flue or fire-box sheets. In fact, with the 



J Hsfeg^ - 




No. 3 fuel there were less than two handfula of slag, ash and 
soot collected on each trip. 

Demands upon steam railway motive power to produce 
increased horse power per hour are becoming more exact- 
ing, and there is but little doubt that, through the use of 
powdered coal in combination with correlated improvements 
in locomotive design, the steam locomotive can be ' 
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remain the standard unit of motive power for present and 
future general railway operation, by reason of its general 
dependability, flexibility, effectiveness, and economy, and 
its ability, in a revised form, to meet public demands for the 
reduction of smoke, soot, cinders, sparks and noise. 



CHAPTER X 
EXPLOSIONS 

Much hfls been said of the danger of explosions accom- 
panying the use of powdered coal. This is partly due to 
confusion with dust explosions in coal mines. The latter 
are due to the floating of dust in the air in a confined space. 
The department of a powdered coal plant in which the coal 
grinding is done is usually a fit place for an explosion, for 
it is almost impossible to grind coal without having some dust 
escape. There is, on the other hand, plenty of opportimity 
for change of air, which should minimize the possibility of 
explosions. Dust is sometimes overcome by the use of a 
grinding system employing exhaust fans. With the atmos- 
phere saturated with coal dust, and all crevices and ledges 
filled and covered with fine particles, there would seem to be 
every chance for an explosion. Yet the author has not 
heard of an instance where explosions have taken place in 
the grinding room. There have been cases where a match 
or spark, coming in contact with some of the dust lying on a 
ledge, has started a fire which has spread rapidly, but this 
scarcely constitutes an explosion. The dust acts like a 
long fuse. The remedy seems to be to keep the grinding 
room as clean as possible, forbidding the use of any open 
Ughts or fire. 

During one of the writer's inspection trips special inquiry 
was made regarding explosions. None had occurred at 
any of the plants visited. In certain cases the bins over- 
flowed and the falling sheet of coal took fire, but there was 
nothing that could properly be called an explosion. 

Mr. W. D. Wood, in the Railroad Gazette of July 18, 
1913, says of powdered coal explosions: 

" I can say positively that there is absolutely no danger 
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of expIosioDfi of powdered coal where ordinary Bensible 
precautions are observed. The writer has worked in cement 
mills, and has burned powdered coal himself, and knows 
whereof he speaks. In the first pla«e, powdered coal when 
in storage or in bulk, or while being blown into the furnace, 
does not explode. It may puff, or flare back sUghtly, when 
starting up a fire in a furnace, if there is not enough draft, 




FiQ. 73. — ^Looomotive Front End for Powdered CoaL 



but even this is preventable. There have been so-callea 
explosions of powdered coal, several of them, but not one 
person in ten has any idea of what they are hke. Several 
of the large cement companies, including the Atlas, Alpha, 
Edison, and others, have had explosions, but every one of 
them to my knowledge has originated in the grinding room 
where the coal was pulverized. They are sometimes 
caused by a nail getting in the mill and causing a spark; 
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and sometimes by the presence of an open flame when 
cleaning or repairii^ a mill. 

" All of these explosions are caused by impalpably fine 
dust floating in the air in suspenuon. This dust floats in 
layers or strata. Nails and other pieces of iron should be 
removed by an electro-magnet before the coal goes to the 
mill, even if only to protect the mill from damage. At a 
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Fta. 74. — Locomotive Cab E^iuipment for Powdered Coal. 



recent explosion (?) in ono of the big cement duUr tbfi facts 

were as follows: A foreman and i 

repairing and cleaning a mill. One of tl 

a piece of waste on the end of a stick Jj 

cleaning and somehow (no ono knows^ 

as he pulled it out. Immediately tlu 

Bound like a pinwbeel going off, or like a 
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a flash this ta^veled the length of the room down a stairway, 
and back several times in layers just like a train of powder, 
only there was no report, no explosion, just a hissing. 
The men came out, they were absolutely denuded, yet seemed 
to retain their faculties. The foreman said " I'm done for 
and am going to die." He was able to tell what had hap- 
pened before he became imconscious. They all died shortly 
afterward. 

" As terrible as this seems, it is entirely preventable. I 
have never seen a cement mill yet where you could go near 
the pulverizing plant, much less in it, without becoming 
covered with coal dust. Yet at the American Iron and 
Steel Manufacturing Co. works at Lebanon, they have 
used powdered coal for ten years and have never had an 
explosion. I have stood inside of their grinding room and 
had a white handkerchief on my sleeve and it caught not a 
grain of dust. 

'' Cement mills seem to think that it is cheaper to take 
chances as long as things keep running rather than to spend 
enough money for safety. There are two ways to be safe — 
use a mill that is tight, and spend enough money for com- 
petent labor and materials to keep it in repair. As to 
storage and burning : coal pulverized and stored in tanks is 
100 per cent less liable to explosion than oil. It sometimes 
catches fire from spontaneous combustion or otherwise, 
and nothing happens any more than what would happen 
if a pile of slack coal should catch fire. It is not even neces- 
sary to shut dowTi. All that is necessary is to keep right on 
drawing it off in its semi-burnt state, cutting off the supply 
to the bin that is on fire, and burn it until it is all out of 
the tank ; when a new supply may be put in, if the tank has 
not become heated. Care must be taken to see that none 
of the burnt coal remains. 

" In a large cement mill, where the writer was employed 
it was frequently necessary to walk along the iron gaUery 
in front of the supply bins. This gallery is practically 
right over the front end of the kilns and only 8 ft. above 
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them. The coal dust which has overflowed the bins is alwajrs 
from 2 to 4 in. thick on this walk. Even when careful 
(which no one is) a person kicks showers of this fine dust 
right down over the open red-hot end of the kihis; it is 
sometimes kicked down over a new man as a joke. Clouds 
of this dust drift down over the kikis and are sucked in by 
the draft. Certainly no severer test than this could be 
applied. 

'^ Powdered coal is as safe as coal in Imnps, if common 
sense and judgment are exercised, and any one who believes 
the contrary is laboring imder a misunderstanding of the 
facts in the case. 

" Open dryers should not be used, that is dryers in which 
the heat and flame come in direct contact with the coal. 
This is dangerous and should not be tolerated, though some 
concerns practice it. There are plenty of good compart- 
ment dryers on the market which are safe." 

In 1915 Mr. Thomas A. Edison, in explanation of the so- 
called explosion that took place in his cement mill some 
years ago made the following statement: " The explosion 
was occasioned by fine coal dust catching fire and biuning 
slowly in a pit, thus forming an explosive gas with the air. 
The explosion killed five men. Please let me emphasize 
the fact that it was not the dust itself that exploded." 

Another view of explosions: " With regard to explosions, 
powdered coal is much safer than oil or natural gas, as a 
leak is at once detected by the eye, and the trouble can be 
remedied immediately. The entire system, from the point 
where the coal is dried, to the bins at the fiu'naces, may be 
entirely enclosed, rendering it absolutely dust-tight. The 
bins and conveying system contain but a small quantity 
of air; and an explosion there is absolutely impossible in a 
well-designed plant." 

One large company in the central part of New York 
State, in stating their experience, say " We never had an 
explosion from the use of powdered coal and we have 
made extensive experiments with it. We do not consider 
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it advisable to have large quantities of powdered coal 
lying arouiKL" 

Stingy Difficulties. Storage difficulties should not exist 
with dry coaL There should be no floating dust in the at- 
moqiheie. Moist coal should not be stored as it does not 
flow fredy, but cakes up and gives trouble. Provision 
should be made for keeping the coal moving, and in case of 
shut-down <tf jisnt, coal should not be left in the storage 
bins for much ovar a week. These are the only precautions 
which it is necessary to take. No trouble is experienced 
from the storage of coal f ch' short periods of time. It should 
be g^en a chance to coed between the pulverizing machine 
and the storage bin. 

The caking of coal dust in separate bins at each furnace 
was the cause <tf a fire at the Burden Iron Works about 
two years ago. The coal pa*asted in caking and the men 
were in the habit of using a club to hammer the sides of the 
bins in order to get the coal dust to flow into the controller, 
untfl the point was reached where the bins were getting so 
damaged that the manager had to forbid hammering. 
Then one night one of the men, trying to get coal dust, 
removed the slide at the bottom of the bin between it and the 
controller, thinking no doubt that the coal would then move 
more freely, with the result that the coal dust leaked in 
small particles down on to the floor. There was a strong 
wind blowing at the time, and just at the moment when the 
operator was taking out a heat, a puff of wind blew some of 
the coal dust across the heat with the result that it instantly 
took fire. The conditions here were ideal for combustion. 

It was a coincidence that just above this fmnace the shop 
was di\dded into two parts, the old one having a roof of wood 
trusses and the new part one of steel trusses. The flame 
shot up instantly to the wood trusses and as they were 
covered with fine particles of powdered coal the fire swept 
across these trusses and inside of ten minutes the roof was a 
furnace and the men had to flee for then* lives. The fire 
burned from 10 p.m. to 2 a.m., when the roof all caved in 
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and fell on the furnaces. That part of the buildmg having 
the steel trusses did not catch fire, thanks to the efiforts of the 
firemen. The measuring hoppers and screw conveyors, 
with walkways, came down with the roof, but there was no 
back flash of coal dust through the conveyors, nor was there 
any explosion of coal dust. It was simply a fire caused by the 
existence of perfect conditions for combustion. 



BIBUOGRAPHY 

List or Reterences Coupilbd by flNGiNEEBrao Socivriis 
Library 

Fuel Possibiutibb in Steel Making. Iron Age, November 6, 1913, 
p. 1056-10^. Paper read before the American Iron and Steel Iiusti- 
tute, by William ^Vhigham. The author diacusaee the use of pul- 
verized coal as a fuel for open-hearth furnaces. 

Improved Pulverized Fuel Feed Dbvick. Iron Age, November fl, 
1913, p. 1024. Brief description of the Dunn apparatus, especially 
intended for cement kihut, but used also in the nodulizing of iron ore. 

WiDBB Utilization op Pulverized Coal, H. R. Bamhurst. lr<m Age, 
October 23, 1913, p. 906-908. Port of discussion of paper by James 
Lord on Tlie Use of Pulverized Fuel in Metallurgjcal Furnaces, read 
before the Engineers' Society of Western Pennsylvania. 

Powdered Coal for Open Hearth Furnaces, Iron Age, October 16, 
1913, p, 855. Alwtract from the " Coal and Coke Operator." 

Use of Pulverized Coal as a Fuel for Boilebb, R. C. Cajpeoter. 
SibUy Journal of Engineering, December, 1913, p. 85. 

Coal-Dust Fired Boiler. Indian Engineering, November 29, 1913, 
p. 301. 

Proorbss in Fuel Utiuzation. Mining and Scientific Frtss, October 
25, 1913, p. 638. 

BuFPALO Grain Elevator Dust Explosion. Engineering Neat, July 
31, 1913, p. 223-24. Keprinteil in the National Fire ProUtHon 
AtMcialion Quarterly, October, 1913, p. H9-151. Vcntion is made 
of the danger of explosions in connection with the burning Of pow- 
dered coal. 

PoivDERED Fuel and Explosions. Railuvy Age Gazette, 3iity 18, 1913, 
p. 83-&1. Utter by W. D. Wood. 

Use of PuLVBRizt:j> Com. in .METALniRoicAt, FVienaces. Janifs Lord. 
EngituxTX' S-h.-'iI'j "/ HVjtffm Pmiwu fa—io . ftftft, October, 1913, 
p. 363-372; (lispu.^sinn, ^^^^^^^^^^ 

Pulverized Fuel mju iioiLBR l?aU)IJ^^^^^^^^^^^^^gt World, 
March 15, 1013. p. 567-569. 

Pulverized Coai. ,vs a Fuel, H. 1 
ical Engine-Ting, March, ISl^ 
to melalluraii'iil fiinimtfi. 




192 POWDERED COAL AS A FUEL 

Powdered Coal as Fuel. Indian Engineering, August 16, 1913, p. 91. 

Briefly discusses its use as a locomotive fuel. 
Powdered Fuel for Locomotives, Walter D. Wood. RaUtvay Age 

Gazette, July 4, 1913, p. 13-15; Aug. 1, p. 174. 
Pulverized Coal as a Cheap Fuel. AvtomcbiU, June 5, 1913, p. 1177. 

Letter asking questions as to the use of pulverized coal. Answers 

are given. 
Problem of Burning Pulverized Fuel, Sterling H. BunnelL Iron 

Age, September 18, 1913, p. 618. 
Use of Pulverized Coal as Fuel for Metallurgical Furnaces, 

H. R. Bamhurst. American Institute of Mining Engineers, BvU,^ 

October, 1913, p. 2523-2532; discussion, December, 1913, p. 2856- 

2863. 
Pulverized Coal as a Fuel, A. W. Ra3anond. Metallurgical and 

Chemical Engineering, February, 1913, p. 108-109. On the use of 

pulverized coal in metallurgical furnaces and in cement burning. 
Burning of Powdered Coal, W. E. Porter. Industrial World, voL 

47, p. 146-147, February 3, 1913. 
Powdered Coal as Fuel, W. S. Quigley. Railway and Engineering 

Review, November 15, 1913, p. 1067-1068. Paper read before the 

American Foundrjonen's Association. 
Small Coal and Dust: Its Production, Prevention, Treatment, and 

Utiuzation, with Special Reference to Dry Mines, J.Drummond 

Paton. Institution of Mining Engineers, Trans,, vol. 45, pt. 3, 

p. 421-446; discussion, p. 446-449, 1912-1913. Same in Manches- 
ter Geological and Mining Society, Trans,, vol. 33, pt. 6, p. 198-223; 

discussion, p. 223-226, 1912-1913. Results of official tests made by 

the Stirling Boiler Co. 
Firing Soft Coal Screenings, John S. Leese. Mechanical World, 

vol. 51, p. 160-161, 1912. 
Dust Fuel Boiler and its Uses, H. V. Hart Davis. Manchester GeO' 

logical and Mining Society, Trans., vol. 22, p. 224-233; discussion, 

p. 233-242, 1912. Abstract in Iron and Coal Trades Review, February 

23, 1912, p. 198-299; Engineering Magazine, March, 1913, p. 936-938. 
Pulverized Coal an Economical Steam Fuel. Steam, May, 1912, 

p. 135-138. A table shows results obtained with a Bettington boiler. 
Methods of Burning Anthractte Coal Dust, Wm. Kavanagh. Elec^ 

trical World, December 7, 1912. 
Recent Improvements and Additions to the Smeuting Plant of the 

Canadian Copper Company, D. H. Browne. Canadian Mining 

Institute, Trans., vol. 15, p. 115-122, 1912. 
Combustion of Pulverized Coal, L. S. Hughes. American Institute 

of Chemical Engineers, Trans., vol. 4, p. 347-349, 1911. 



BIBUOGRAPHY 193 

Pulverized Coal, A New Fuel, Wm. D. Ennis. Automobile, vol. 25, 
p. 620-621, 1911. Contains paragraph on the use of powdered coal 
under steam boilers. 

Bettington Boilers for Pulverized Fuel. Railway Netos, vol. 96, 
p. 1422-1423, 1911. Gives results of tests. 

De l'EmPLOI DE8 POUSSIERS DANS LES FOYERS MECAXIQUE8, J. Izart. 

UEledricien, vol. 41, p. 54-57, 1911. 
Firing Boilers with Pulverized Coal, W. S. Worth. Power, vol. 33, 

p. 264-267, 1911. Tests were made at the Henry Phipps plant, 

Pittsburg. 
The Rotary Kiln, Ellis Soper. American Society of Mechanical Engi' 

neersy Journal, October, 1910; discussion, April, 1911. In the paper 

and in the discussion reference is made to the earliest successful use of 

pulverized coal for cement manufacture. 
Use of Pulverized Coal for Foundry Purposes, Richard K. Meade. 

American Foundrymen's Associalion, Trans,, vol. 18, p. 39-45, 

1909. Abstract in Foundry, vol. 34, p. 196-198, 1909. The author 

gives an estimate of the cost of pulverizing. 
Coal Dust Firing of Reverberatory Furnaces, Edward G. Thomas. 

Engineering and Mining Journal, vol. 85, p. 269-270, 1908. 
Coal Dust Firing for Reverberatory Furnaces, Charles F. Shelby. 

Engineering and Mining Journal, vol. 85, p. 541-544, 1908. 
Feeding Pulverized Coal to Furnaces, R. Cederblom. Power, vol. 

28, p. 299-300, 1908. 
Some Industrial Appucations of Pulverized Coal, W. D. Ennis. 

Brooklyn Engineers* Club, Proc., vol. 12, p. 183-200; discussion, p. 

201-217, 1908. The author discusses various methods of grinding 

coal and special applications such as firing of steam boilers and 

industrial furnaces. 
Pulverized Coal and its Industrial Appucations, W. D. Ennis. 

Engineering Magazine, vol. 34, p. 463, 577, 1907-1908. Costs are 

given. 
Use of Pulverized Fuel for Elating Metallurgical Furnaces, 

Richard K. Meade. American Institute of Chemical 

vol. 1, p. 98-115, 1908. 
Using Soft Coal Screenings. Power, vol. 29, p. 706, 1908. 
Economy of the Long Kiln, E. C. Soper. American Sodetif c 

icnl Engineers, Trans., vol. 29, p. 143-148; discussioil, 

1907. In the discussion Prof. William D. Ennis gires 

relative to the cost of pulverizing coal. 

SCHWARTZKOPFF SyST?:M OF COAL DuST FiRING, P. M. "PHUt 

pool Engineering Society, Trans., vol. 28, p. 154-166; 
1G6-176, 1907. An account of tests. 



194 POWDERED COAL AS A FUEL 

DuiT Fuel &i otgj j » A3a> Auxiliast Plaitt, W. R. HaniaoD. Leeds 
Unweniiy Soeieiy, December 10, 1906. 

Baccsch-Fecescngex zun Xebfzcervsq xgs Teks, Koblsxstaub, 
ETC., We^eiier. AtphalUnmde if. Teer Induabie Zeitung^ yoL 6, p. 4, 
1906. 

Coal Fclterizee asd Automatic Stoker. Amenam Electrician^ 
vd. 14, p. 196-197, 1906. Descnpdon of " Ideal " fuel feeder. 

Powdered Coal Firing for Steam Boilers, Geo. C. McFarlane. 
Engineering and Mining Journal, vol. 81, p. 901-902, 1906. Com- 
parison of cosIb of hand firing and powdoied-ooal firing. 

Problem of Smoke Abatement, Wm. H. Bryan. American Madiinist, 
ToL 29, pi. 2, p. 52-54, 1906. Powdered ooal is oompazed with 
other fuels, as to cost, efficiency. 

Coal Dust Firing of Reverberatort Matte Furnaces, S. Severin 
Sorensen. Engineering and Mining Jawmtd^ vd. 81, p. 274-276. 
1906. With diagrams of smdting results. 

Coal Dust Firing for Steam Boilers. Engineer (Lond.), vol. 99, 
p. 502-503, 1905. Gives results of tests made with the SchwartzkopfiF 
apparatus by C. E. Stromeyer, of the Manchester Steam Users' 
Association. 

Firing with Coal Dust, Eustace Carey. Society of Chemical Industry, 
Jour.y vol. 24, p. 369-371; discussion, p. 371-372, 1905. Abstract 
in Engineering and Mining Journal, vol. 80, p. 1113-1114, 1905. 

Utilization of Low-Grade Fuels for Steam Generation, W. Francis 
Goodrich. Engineering Magazine, vol. 30, p. 34^-354, 1905. 

Road Tests of Brooks Passenger Locomotives, E. A. Hitchcock. 
American Society of Mechanical Engineers, Trans., vol. 26, p. 290- 
306; discusnion, p. 306-311, 1905. In the discussion on pp. 310- 
311 the use of pulverized coal as a fuel for locomotives was con- 
sidered. 

Coal Dust Firing as Appued to Annealing Furnaces. Iron and Coal 
Trades Review^ vol. 70, p. 1999, 1905. Schwartzkopff system. 

Comparative Boiler Tests with Ordinary and Pulverized Coal 
Firing. Engineering Record, vol. 49, p. 342, 1904. 

Burning Powdered Coal, H. J. Travis. Power, vol. 24, p. 168-196, 
271, 1904. Testa of various sj'Btems, also comparative tests of 
hand-fired and pulverized-fuel boilers. 

Powdered Coal for Steel Anneaung, H. J. Travis. American 
Machinist, vol. 27, pt. 1, p. 791-792, 1904. 

Use of Pulverized Coal for Fuel under Steam Boilers, J. M. Swee- 
ney. Western Society of Engineers, Jour,, vol. 9, p. 141-149; dia- 
cussion, p. 149-160, 1904. With tables, showing evapor^^ 
secured from pulverized fuel and hand-fired coal. 



BIBUOGRAPHY 195 

Test or Pulyerued Fuel. Engineer (U. S.), vol. 41, p. 259-260, 

1904. Tests were made at the plant of the International Harvester 

Company. 
Burning op Pulverized Coal, C. O. BarUett. Association of Engineer- 
ing Societies, Jour,, vol. 31, p. 44-48, 1903; Railway and Engineering 

Review, vol. 43, p. 568-569, 1903; Engineer (U. S.), vol. 50, p. 563-564, 

1903. Paper read before the Civil Engineers' Club of Cleveland. 

Gives estimated cost of outfit for about 40 tons per day of ten hours. 
Burning Powdered Coal under Boilers. Power, vol. 23, p. 434-437, 

1903. 
Powdered Fuel. Power, vol. 23, p. 561, 1903. Letter by W. E. Crane. 
Pulverized Fuel. Engineer (U. S.), vol. 40, p. 272-275, 1903. Costs 

are given and an estimate of the saving made by pulverizing the 

coal. 
Improved System op Burning Coal Dust. Engineer (U. S.), vol. 40, 

p. 93-94, 1903. The Rowe system. 
A Rotary Brush System op Feeding Pulverized Fuel to Furnaces. 

Engineering News, vol. 47, p. 147, 1902. Test of Schwartzkopff 

system. 
System por Burning Coal Dust. American Miller, vol. 30, p. 1006, 

1902. BarUett and Snow S3r8tem. 
Ueber den gegenwaertigen Stand der Kohlenstaubpeuerung, 

Haeussermann. Gewerblich technischer Ratgeber, vol. 1, p. 227-229, 

1902. 
Burning Coal Dust wtihout Smoke. Iron Age, November 6, 1902, 

p. 10-12. 
Pulverized Fuel por Power Plants, Gasche (Aero Pulverizer). RaiU 

road Gazette, vol. 34, p. 446-467, 1902. Gives summary of results 

of boiler trials. 
Kesselpeuerung mtt pulverisierter Kohle (" Pulverisator cyclon," 

" Aero-Pulverisator "). Leipziger Monatsschrifl Jwr Textil Industrie, 

vol. 17, p. 479, 1902. 
A New System for Burning Powdered Coal. Engineering News, vOl. 

48, p. 548, 1902. Rowe and Bender system. 
The Rowe System of Burning Pulverized Coal. Engineering Record, 

vol. 46, p. 592, 1902. 
Pulverized Coal Burning in Chicago. American Electrician, vol. 14, 

p. 13-14, 1902. 
Pulverized Fuel for Power Plants. Railroad Gazette, vol. 24, p. 

466-467, 1902. With tables giving summary of results of boiler 

trials, and heat balance for dust fuel test. 
KOMBINr otaubpeuerung. Zeitschrift fur Beleuchtungswescn 

ifoT 11. 



196 POWDERED COAL AS A FUEL 

EoHLENSTAUBFEUKRUNasN, Ruhl. Krafl^ vol. 18, pt. 1, p. 35-37, 1901. 
PowDKBED Fuel for Boiler Furnaces at the Alpha Cement Com- 

pant's Works, Alpha, N. J. Engineering Netos, vol. 45, p. 452-453, 

190L 
A New Method of Burning Powdered Fuel. Engineering News, vol. 

45, p. 178-179, 1901. Description of Westlake system, with results 

of tests. 
The Aero System of Pulverized Fuel Combustion. Engineering 

Record, vol. 43, p. 506, 1901. 
Pulverized Fuel, R. A. Douglas. American Eledrician, vol. 13, p. 

434-435, 1901. 
Two Recent Systems for Burning Powdered Coal. Engineering 

News, vol. 46, p. 415-416, 1901. Cyclone and Aero Pulverizer 

83rsteins. 
Frettag's Kohlenstaud-Feueruno. Kraft, vol. 17, p. 5-6, 1900. 
Burning op Pulverized Coal. Engineering Record, vol. 42, p. 241- 

242, 1900. Editorial note on the use of pulverized coal in rotary 

cement kilns. 
Burning Pulverized Coal. Railway and Engineering Review, vol. 40, 

p. 560-562, 1900. 
Burning Powdered Coal in Stationary Boilers. Engineering Record, 

vol. 42, p. 615-616, 1900. Tests with Westlake apparatus. 
Emploi du charbon pulverise dans les foyers des chaudieres et 

DES fours metallurgique (syst^mc Schwartzkopff), A. Halleux. 

Revue UnirerseUe des Mines, vol. 46, p. 21-34, 1899. 
KoHLENSTAXTBFEUERUNOEN (Zusammenstellung der verschiedenen Erfind- 

ungen und Patente). Schweizerische Bauzeitung, vol. 34, p. 4-6, 1899. 
Use op Coal Dust as Fuel for Boilers, Count Caracristi. Iron and 

Coal Trades Review, vol. 58, p. 643, 1899. 
Die Freffagsche Kohlenstaxtbfeuerung, L. Kaufmann. Zeiisckrifl 

des Vereines deutscher Ingenicure, vol. 43, p. 988-992, 1899. 
The Utiuzation of Coal Sludge and Coal Dust. Colliery Chwrdian, 

vol. 77, p. 477, 1899. Abstract from Neues Saarbrueckener Gewerbe^ 

blatt, 
Freffag Apparatus for Coal Dust Fuel. Colliery Guardian, vol. 78, 

p. 542-543, 1899. Abstract of article by L. Kaufmann in Zeilschrxfl 

des Vereines detUscher Ingenieure. 
Burning Low-priced Fuel, W. H. Wakeman. American Machinist, 

vol. 22, p. 101, 1899. 
Ueber Verwerthung von Kohlenschlamm und Kohlenstaub. 

Oest. Zeitschrift fur Berg u. HvUenwesen, vol. 57, p. 127-129. 1S99. 

Abstract in Institution of Civil Engineers, Proc,, vol. 136, p. 421-422, 

1898-1899. 



BIBUOGRAPHY 197 

CHAUFrAGs DE8 Chaudierbs au charbon PULVERISE (syst^e F. Foret). 

Remte IndustrieUe, vol. 29, p. 16, 1898. 
New Coal Dust Furnaces. Iron and Coal Trades Review, vol. 47, p. 

177-178, 1898. Pinther, Russell, Lester & Ernst. Peck and Patterson 

systems. 
Yersuchsergebnisse der De Campschen Kohlenstaxtbfeuerungen, 

Schneider. Mitieilungen aus der Praxis des Dampfkessel und Dampf- 

maschinenbetriebeSy vol. 20, p. 76, 1897. 
Novelties in Coaldust Firing Apparatus. Colliery Guardian, vol. 76, 

p. 514, 1898. Abstract from Tonindustrie Zeitung. 
Ruhb's Apparatus for Burning Powdered Coal. Engineering (Lond.) , 

vol. 63, p. 72, 1897. 
Burning Powdered Coal under Steam Boilers. Engineering News, 

vol. 38, p. 189-190, 1897. Wegener system. 
Neuerungen an Kohlenstaubfeuerungen. Dingler^s Polylechnische 

Jawmal, vol. 305, p. 272-276, 1897. 
Chauffage au Pulverin de Charbon, Vacquiers. La Vie Scientifique, 

1897, pt. 1, p. 253-2M. 
Chauffage des Chaudieres au Charbon Pulverise, P. Chevillard. 

Revue Indusirielle, vol. 28, p. 162, 294, 385, 1897. 
Die Verwendung der Kleinkohle, Moriz Caspaar. Oest. ZeUschrift 

fur Berg u, HuUenwesen, vol. 45, p. 373, 401, 1897. 

KOHLENSTAUBFEUERUNG UND VeRMAHLUNG DER KoHLE, Warlich. 

Dampf, vol. 41, pt. 1, p. 49-51 (1897). 
Ruhl's Apparatus for Burning Powdered Coal. Engineering, vol. 
63, p. 71-73, 1897. 

FORTSCHRITTE AUF DEM GeBIET DER KOHLENSTAUBFEUERUNG, SchQtxe. 

Dampf, vol. 13, p. 1205, 1896. 
EoHLENSTAUBFEXTERUNG AppARAT, SchQtzc. Uhlands Tfchniche Rund" 

Bchau, 1896, No. 3, p. 55. 
KOHLENSTAUBFEUERUNG (System Unger). Tonindustrie Zeii., vol. 20, 

p. 861, 1896. 
KOHLENSTAUBFEUERUNG NACH Ststem Cornelius (Dcutsches Reich- 

Patent, 78, 587). Glaser*s Annalen fur Gewerhe tmd Bauwesai, 

vol. 39, p. 139-140, 1896. 
Kohlenstaubfeuerungen im Dampfkesselhause des Koemichj 

Opernhauses in Berlin (Patent Ruhl). CentraEbUu^ 

waltung, vol. 16, p. 50, 1896. 
Powdered Coal as Fuel. Marine Engineer, vol. 17, 
Ek:oNOMic Value of Coal Dust, W. Blakemoiv 

Review, vol. 15, p. 200-201, 1896. Paper read I 

Institute. 
Combustion of Powdered Coal. Engineering ( 



I» POWDERED COAL JI5 A FUO. 

MK. Eipmneiiti nuuie by Mr. Bryia Dookm with 



hEKUM IstfT.wnaAL ExflZBrnoTT. Emgmeer fLood.), ^vxiL 82, ]». 2Soy 
li^. Bfwf dexenptkm of dwl-dort firing ^'^^'^Nt 

WtOVftm'B POW DZME D FUEL B0IUE& FUKVJLCZ ASD APFAKATUB. Af^ 

fittf (Difkd. ), vol. 81. p. 485-186, 1806. A brief mccaant oC cspoi- 
mttttM made by Mr. Bryan Donkin. 

CoAt I^frr Fru.vG is tbz Ibo.v l3a>C9TKT. iimmaBi MaanfaOMnr md 
Iftm World, Aui^ifft 28, 1806, p. 300. AbetrM;t from mrtide by Yietor 
rfiu Neunuinn in the Zeil. OoAerr. Ingtn. «. Ardniekien Verein, ycL 
48, p. M2, 3.S3, 1896. The Schwartzkopff ^>parmtiis is described. 

Coal Duirr Fuel. IivitittUum of Ciml Engineers, Froc., vol. 123, p. 516- 
618, 180.^1806. Abstract of paper by C. Schneider in MiUheibmfm 
auM der Frazi$ du DampPcestel und Damjffnuuekinen Betriebes^ 1895, 
p. 336. 

FlRINO WITH COAL-DURT AND CoAL GRINDING PROCESSES. /flfffthrflfflt 

of Cwil Engineer/!, Proc., vol. 126, p. 473-474, 1895-1896. Abstract 

of article by Meftsre. Zamiko and Propfe in GeeundheiU^Inge m tw^ 

1896, p. 210. 
KoiiLRNHTAUBFEUERUNGEN, Ferdinand Bleichsteiner. Oest. Zeiiaekriji 

far Berg urui Iluttemcesen, vol. 44, p. 237-240, 1896. 
KoiiLKNHTAtJiiKKUEiiUNGEN, Fdrstcf. Uhlands Technische Rtmdschau^ 

18(MJ, No. 3, p. 24. 

KoilLENHTAUHPKUERUrJGEN AUF DER BeRUNER GeWERBE-AuSSTELLUMG, 

1896, S(!hmi(lt. (!: sundhcits-Ingenicur, vol. 19, 354, 1896. 
Na(7IITIIeii«k dku Koiilenstaubfeuerungen, Schneider. Alkohcl^ vol. 

6, p. 117, 1896. 
KoiiLKNHTAiiBFEUERUNGEN. Zcit. dfs Vcrcines devischer Ingenieure, vol. 

40. p. 432-430, 1896. Gives results of tests with different systems. 

VkUHIICHK MIT DEN Kc)lII,ENSTAUBFEUERUNGEN VON SCHWARTZKOPFF UND 

FuiKDKBERG. Damj)f, vol. 13. p. 502, 1896. 

IlKliHTEU.UN(} VON KoiILENSTAUB FUEK KOHLENSTAUBFEUERUNGEN, 

l*>MHlrich. Damp/, vol. 13, p. 710, 1896. 

APPAHATtW PARA LA (M)MBrSTION DE CARBONES MENUDOS, ColoiDCT. 

lim»ta Mineni, vol. 45, p. 175, 1895. Wegener, Friedberg and 

Si»hwart «kopff systems. 
DlK NKi'KUEN Koiu.KNSTArBFEi'KRVXGS-.\ppAR-\TE, B. Kosmann. Si€M 

und EiMH, vol. 15. \\ Ja^ LM2, 1S95. 
DlK KoiiLKN^TAVKKKiKRiNii, Sihnoiiior. Zeit. dts Verbandes der Dampf- 

kt9^l {\'hii'r\i\Khung^<-\\rtin!^, vol. IS. 33t\ 1S95. 
KoULKNSTAVliFKVKRVNHiEN. S<»hrt\v. (ihiser's Annalcn fur Geirerbe u^.d 

Hituursen, wK 3tK p. 213 219: aisius.<ion. p. 21^22l>, 1S95. Paper 

read before tlie Wrrin drut;fch^r Maschinen Incir.u'.,^:. 



BIBLIOGRAPHY 199 

KOHUBNSTAXTBFEUERUNGEN VON ScHWABTZKOPFF. (kd. ZmUchnfi fOt 

Berg und HHUenwesen, vol. 43, p. 187-188, 1895. 
Die Schwartzkoppff'sche Kohlenstaub Feuerung, Schneider. ZeiL 
Verhand Dampfkessel Ueberwaeh, Ver,, vol. 18» p. 403, 1895. 

YeB8UCH8£RGEBNI88E MIT DER WeGENER'sCHEN KoHLENBTAUBFEUERUNG. 

Zeit. Verband Dampfkeasd Utberwach, Ver., vol. 18, p. 380, 1895. 
KoHLENSTAUBFEUERUNGEN. Zeit, dcs Vereifies deuischer Ingenieure, vol. 

39, p. 1379-1382, 1895. Abstract in Engineer (Lond.), vol. 81, 

p. 106, 1896. Gives historical sketch of the use of coal dust as 

fuel. 
Chauffage deb Chaudieres au charbon pulverise (Systtoe Baumert 

et Wegener). Revue IndustrieUe, vol. 25, p. 62-63, 1894. 
Appareil Friedeberg pour bruler la poussiere de charbon, G. 

Lcstang. Revue Induetrielle, vol. 25, p. 461-462, 1894. 
Apparatus for Bxtrning Coal Dust (Friedeberg system). Industries 

and Iran, vol. 17, p. 354, 1894. 
Staubkohlenfeuerung (Einrichtung und Versuche in DER Inkrus- 

tatseinfabrik zu Ploetzensee). Dampf, vol. 11, p. 102, 1894. 
Ueber KoHLENSTAUBFEUERUNGEN. Dampf, vol. 11, p. 509, 1894. 
Neuere Dampfkessel Kesselfeuerungen. Dingler's Polytechnische 

Journal, vol. 291, p. 241-247, 1894. 
Ueber Kohlenstaubfeuerungen. Dinglef^s Polytechnische Journal, 

vol. 292, p. 265-270, 1894. 
Friedeberg Apparatus for Burning Coal Dust. Industries and Iron, 

vol. 17, p. 405, 1894. 
Die Kohlenstaubfeuerung Patents Friedeberg, B. Kosmann. Berg 

u. HaUenmannische Zeitung, vol. 53, p. 371-374, 1894. 
Neuere Kesselfeuerungen. Dingier' s Polytechnische Journal, vol. 287, 

p. 108, 1893. 
Kohlenstaubfeuerung von Baumert und Wegener. Dingler's 

Polytechnische Journal, vol. 289, p. 23, 1893. Paragraph on use by the 

North German Lloyd Company. 
Meldrum Self-contained Dust-Fuel Furnace. Wm. Boby. Federated 

Institution of Mining Engineers, Trans., vol. 3, p. 250-255, 1891- 

1892. 
Steam Boilers with Forced Blast: The Perret system for burning 

dust and rejected fuels, with notes on testing boilers, Bryan 

Doiikin. Federated Intititution of Mining E?igi?iecrs, Trans., vol. 

4, p. 154- 106, 1S92-1893. Disc*usysion of papers by Wm. Boby and 

B. Donkiii, p. 34S-350. 
Rauchlose Koulenverbhennung (mittelst Staubkohle). Mittheilun- 

gen aus <Iem Gebicte des Seewesen.'i, vol. 21, p. 63, 1803. 
Foyers du Syst£:me de MM. Baumert et Wegener pour l'utiusation 




200 POWDERED COAL AS A. FCEL 

<ie4 .Utiiff. vol. 21. p. 23^-241, 1893. 
Uebeb ei.ve xece Feuerung Latest Kcducz) 
VON Feixkohle, Kohlexioesche, 

BRAO'EOHLENABrAELLEX UXD DEBGL, L. 

fur Gtwerbe und Bauwesen, voL 33. p. 31-37, 1893. 

Ox BTiicE Appuaxces roR THE Uthjeatiox ow Rkft^ A3n> DCTT FnoL 
Walter G. McMillan. Society cf ArU. JaurwaL voL 34. pu S27-510: 
di<fcasFfy>n, p. 540-512, 18S6. Various furnaces ai« describedL <Bi 
and re«ultB fif te«t5 with Perret's boiler furnace are grven. 

Powdered Axthractte A3hD Gas Fuel. EngiwKriwtg .Yen, tqL 16i 
p. 314-315, 1886. Abstract from report of Scrantoo Boud d 
Trade. 

Perret*b FrR.NACE FOR DusT Fuel. Iron Affe, December 10, 18S5, pi ^ 

Ox THE C0NVER.S10X OF Heat i\to Useful Work, WiOiaiii AndniL 
Sfjcidy €,J ArU, Journal, voL 33, p. 61^-656, 1883. The antliar 
describes Crampton's F\^em of coal-dust burning for m fi ptiJiing 
puddlinf^ furnace, al£o the same s>^em adapted to marine boikn^ 

The Utiuzatio.v of Coal Dust as Fuel. Engineering Acira, toL 10, 
p. 163, 1SS3. 

Coal Dust Fuel. Engimer TLond.), vol. 43, p. 335-336, 1877. Grres 
re«ult.s of experiments with Stevenson*? apparatus. 

Ox TiiE Use of Pllverized Fuel, B. F. Ishnwood. Engineering aad 
Mining Journal, vol. 21. p. 12, 31, 57, 101, 129. 1876. An account 
of experiments made at South Boston, with the Wbel|4ey mud Stater 
apparatus. In addition, the author gi\'es a sketch of the histtNy of 
pulverized coal burning, beginning with the English patent of J. S. 
Dawes in 1831. 

Notes bur les dangers que faraft presexter la po i i Km yginp i» 

HOUILLE dans LES MI.VES, MEME EN L^ABSEXCE DE GRISOX. Amudti 

(ks ^finKft, Mimoires, Ser. 7, vol. 7, 176-179, 1875. 
Ox THE Combustion of Pondered Fuel ix Revoltixo Furnaces, 

AND ITS Application to Heating and Pudduxg Fubxaces, T. R. 

Crampton. Iron and Steel Institute, Journal, 1873, p. 91-101; 

di.«cu>-sion, p. 101-107. 
Ox THE Use of Pulverized Fuel, Lieut. C. E. Dutton. FrwMk 

InJititutc, Journal, vol. SI. p. 377; vol. 92, p. 17, 1871. Wfadphj 

and Storer process. 
Four Crampton, M. Lavalley, Sociiti des IngHiieurt Citriis de 

M^maires, 1875, p. 266-272; discussion, p. 272-278, 



BIBUOGRAPHY 



BOOKS AND FAXPHLXTB 



Babr, Wiluau M. a Practical Treatise on the CombuBtion of Coal, 
including descriptions of varioiu mechanical devices for the economic 
generation of heat by the combustiou of fuel, whether solid, liquid or 
gaseous. Indianapolie, Yokn Bros., 1879. Chapter 14 — Coal dust 
fuel. An account of experiments made by the U, S. Government in 
1876. Comparative economy of powdered fuel aa compared with 
ordinary coal. Stevenson's apparatus for burning coal dust. 

Bertin, L. E. Marine Boilera. Translat«d and edited by Leslie S. 
Robertson. Ed. 2. New York, Van Notlrand, 1906, p. 114-120. 

Bourne, Jobk. A Treatise on the Steam Engine. Ntv> York, Appieton, 
1866, p. 358. The author considers that coal-dust burning in loco- 
motives would be feasible, but details hod not been worked out. 

ClARK, D. KiNNEAR, editor. Fuel: ita combustion and economy, 
consisting of abridgments of " Treatise on the Combustion of Cotl 
and Prevention of Smoke," by C. W. Williams, and " The Economy 
of Fuel," by T. Symee Prideaux, with extensive additions on recent 
practice in the combustion and economy of fuel, coal, coke, wood, 
peat, petroleum, etc. Land., Cro^, Lochoood; New York, Van 
Noalrand, 1879. Chapter 25— Powdered Fuel. 

Dauour, E^iuo, and Quenbau, a. L. J. Industrial Furnaces. New 
York, Engineeriitg and Minitm Journal, 1906, p. 275-286. Contoini 
list of U. S. Patents covering the stoking of powdered fuel to May 10, 
1904. 

FoWLEB, Wiluau H. Steam Boilers and Supplementary Appliances. 
ManchtiUr, ScieTttific Pub. Co., p. 491-492, paragraph on dust fuel 
stokers. 

Fulton, Charles Herman. Principles of Metallurgy. Ntw York, 
McGratP-HiU Co., IBIO, p. 422-124. 

Gebhardt, G. F. Steam Power Plant Engineering. Ed, 4. New York, 
Wiley, 1913, p. 58-66. 

Groves, Charles Edward, and Thorp, Wiluau. Cheroic&l Tech- 
nology, vol. 1. Fuel and its Applications. By £. J. Mills and F. R. 
Rowan. Phitaddphia, Bhkialon, 1889, p. 364, 664. 

HoFUAN, M. 0. General Metallurgy. New York, McGraw-UiU Book Co., 
1913, [>. IK3-189. Mentioi ^wie of the early attomptfi to utilise 
ooal ilust as fuel, ^d|ri| we in 1818. A list of rcfei^ 

ences is gi\-en. J^^^^ 

Hdtton, Frrdbric^^^^^H al Ei^ncering of Steam 

Power Plants. Sl^^H 008. Chapter 9— Firing 

boilers with I Dulvorizod fuel. 

Kent, Wu. St« '<V, 1901, p. 132, 183. 



203 POWDERED COAL AS A FUEL 

PuBTSCH, Albert. Gas and Coal Dust Firing: a critical review of the 
various appliances patented in Germany for this purpose since 
1885; translated by Charles Salter. London, 190L 

Thubston, R. H. a Manual of Steam Boilers, their design, construc- 
tion and operation. New York, Wiley, 1888, p. 164-165. Paragraph 
on pulverized coal. 

TuBiN, Andr£. Les foyers de chaudi^res. Paris, Dunod Jt Pinal, 
1913, p. 156-161. 

U. S. Steam Engineering Bxtreau (Navt Department). Annual 
Report, 1876. Washinffton, Govt,, 1876. Experiments were made 
under the direction of B. F. Isherwood, with a horizontal fire-tube 
boiler, at East Boston, Mass., to test the process of Whelpley and 
Storer for effecting the combustion of coal dust. The apparatus 
for grinding the coal was the only part of the process which was 
patented. The coal dust was blown upon a bed of ignited lump 
coal. Tables are given, showing the comparative economy of burn- 
ing lump coal alone, or lump coal with coal dust. It was found that 
the use of powdered fuel was more expensive, on account of the 
cost of pulverization. 



INDEX 



Aero polveruBery 36 
Air-distributing system, 58 

vs. screw conveyors, 59 
Air separation, 32 

volumes and weights of dry air (tables), 33 
Air separators, 32 

American iron and steel plants, re powdered coal, 130 
American Locomotive Co., re powdered coal, 126 
Anaconda plant, re powdered coal, 96 
Analyses: 

B.t.u. cost, 1 

coal giving good results, 2, 12, 15 

comparison of fuel oil V8, powdered coal, 15 
Ash, 13 

disposal of, 17 

elimination from furnaces, 61 

ferric oxide in, 14 

ferric sulphide in, 14 

ferrous oxide in, 14 

trouble from, 17 

V8. efficiency, 13, 14, 15 
Atlas Portland Cement Co., re powdered coal, 62 

Bonnot pulverizer, 37 
capacities of, 41 
tube mill, 40 
British thermal unit. See B.t.u. cost. 
B.t.u. cost: 
analysis of, 1 

eomparative efficiencies of fuels, 1 
ekmoDtaiy factor in choice of fuel, 1 
in OHiyipiioal furnaces, 101 




203 



2^A4 INDEX 

( ;«if jn/liufi O/pper Co., re powdered ooal, 84 

AilttM P(;rtlitnd Cement Co., experimnits by, fl2 

('ii|jfiiit.y fif kilriM, 73 

ifiiiiihiiNliiifi by IvJiMon KyHtem, 68 

('ltfirfu'ti*r of, ill (!(*tn(*nt kilrm, 66 
IviiMMi HyHd'iii of buniiiiK clinker, 68 
iM'ononiy of dry vh. wot roiil, 73 
fliii* loHWH in rotitry kiln, 7-1 
liimi n*(|iiinHl for Portland ctMnont, 74 
kiln ndiMilittiotiN, 73 

tniitorial iiM|tiirml for Portland cement, 74 
nirthofl of tnnnuftirtun\ <U 
oil art fiiol ill iimniifarturt' of, 62 
liowdohnl t'vml a^ fuol in nianufaoturo of, 62 
htiarv «f'mont kiln« 64 
!rtn|*«Mn(nn» of kiln l\v l\lij^\n Sx-stem, 71 
iidliMtion of >\a>lo Invif in kihu 75 

ol \x:t%(o h<>iif iM i>w'a)M)\£ isns^'es 76 

t'hnkiM {«nd n1.'\^. 16 
"hrtiN^ ,hnkor 14 
' ■ hooox iN ^n^ I ^ ,(\\ i«vcsh<vl \ II, 15 
•^M1 ,l»nko'. M 

»o,siXNiv ,y 0).v*r c.^ 'J^ C'Vv; tosq:]!^. 2 12 
*■• x», !»,» ,* ii*.*:«t' ^M "Vine in»hisJ:?ies. 1 

V|||Mllt«t ,A 

^ '.vit^^M>^'«.«it •*■" •»'» ^f* t^ ^ 

t•l»^ \|M-. X * »"i •*v OUm^i'' » .^ 



• "V. •* "lv^. m."**. • j'j '»*, 



INDEX 205 

CJoBt, B.t.u.— Conhnueti 
in firing under boilers, 153 
in metallurgical furnaces, 101 
installation of dryers, 21 
of fuel in metallurgical furnaces, 99 
production ro. input, operator, output, 101 
to operate locomotives, 162 

See Locomotives; Metallurgical Furnaces; Powdered Coal. 
Crushed coal, 138 

crushers, Jeffrey Single-HoU, 18, 

"S-A," 19 
crushing coal, 18 

Ding ''magnetic pulley," 20 
Distribution of coal, 1 
Drying coal: 

before powdering, 20, 22 

dry V8. wet, 21 

Ruggles-Coles dryer, 24 

theory of, 22 

Early use of powdered coal, 163 
Edison s>'stem, 68 
Efficiency: 

ash V8,, 13 

clinker, 14 

comparative, as by fuels, 1, 101 

determination of, 101 

quality of ash as a factor of, 13 
Elimination of smoke, 136 
Explosions, 178 

coal, 178 

confusion between coal and dust, 178, 182 

grinding>room dangers, 178, 182 

precautions against, 188 

spontaneous combustion, 184 

ways of safety, 184 

(udde in ash, 14 

e in ash, 14 
'^ in ash, 14 
ker," 14 
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Fud: 
coal the staple, 1 
PS. efficiency, 101 
Furnaces for burning powdered coal, 40 

busheling furnaces, 105 

heating furnaces, 105 

metallurgical furnaces, 99 

puddling furnaces, 105 

reverbcratory furnaces, 78 
air-distributing nyHtem, 58; vs, screw conve3ror8, 50 
apparatus for proportioning fuel and heat, 109, 110 
burners, 50 

changing oil furnaces to coal, 117 
comparison of forging heats, 122 
conHtruction of, 1 17 

coiiHtruction for use under boilers, 139, 159 
control of feed, 130 

C(>Ht of fuel in metal-working furnaces, 99, 134 
delivering iK)wdered coal into, 107 
dunibility, 120 

Eilison patents on burning and feeding equipment, 58 
elimination of ash and smoke, 61 
heats, evenness by powdered coal, 125 
maintenance at given temperature, 122 
treatment in metal-working furnaces, 99 
introduction of air into, 51 

tubes, 52 
lining of, 120, 121 
oil V8, powdered coal, 130 
preparation of powdered coal for use in, 107 
repairs, cost of, 136 

screw conveyors vs. air-distributing system, 59 
tubes, 52 

See Busheling Furnaces; Heating Furnaces; Metallurgical Furnaces; 
Powdered Coal; Puddling P^umaces; Reverberatorj' Furnaces. 

Gas, efficiency cost vs. powdered coal, 1 

Gases, utilization of waste heat escaping from, 76 

General Electric Co., re metallurgical furnaces and powdered oosl. 111 

Grinding ring, 29 

"Hard cHnker," 14 

Heating furnaces, 105, 133, 134 
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Heat treatment in metaUurgical furnaces, 99 
Heat, utilization of waste, 75 
Holbeck air-distributing sjnstem, 68 
"Honeycomb clinker/' 15 

Input, 101 

Iron p3rrites in ash, 14 

Jeffrey Single-roll crusher, 18 

Kiln: 
calculations, 73 
capacity, 73 
See Cement. 

Locomotives, run by powdered coal: 

elimination of smoke, soot, waste products, 161, 162 

equipment for using powdered coal, 65 

maintenance of fire-box temperature, 162 

operation with powdered coal, 169 

performance, 173 

reduction in maintenance and operating costs, 162 

saving in coal, 162 

successful installations, 164 

sustained boiler capacity, 162 

See Powdered Coal. 

Magnetic puUey, Ding, 20 
Magnetic separator, 20 

Oil, fuel: 

efficiency cost V8. powdered coal, 1 

in the cement industry, 62 

in metallurgical furnaces, 99 
Open-hearth work, 105, 132 

Operation of furnaces and plants with powdered coal, 2, 169 
Operator a great factor in successful running of furnaces, 101 
Output, 101 
Oxide, ferric, in ash, 14 
ferrous, in ash, 14 

Plants using i)()wdored coal ; 

cost, first, of installation of fuel oil, 3 



208 INDEX 

Plants using powdered coal — Continued 
cost of gas, 4 
of powdered coal, with screw conveyors, 5 
of powdered coal, with pneumatic air-distributing sys- 
tem, 7 
cost of operation with fuel oil, 6 
with gas, 6 

with powdered coal, screw conveyors, 6 
with powdered coal, air-distributing system, 7 
simmiaries, 7 
Pneumatic distribution, 7, 51 
Pneimiatic feeding system, 58 
Powdered coal as a fuel, 1 

air separation, 32 

analyses, 1, 2, 12, 15 

anthracite vs, semi-bituminous vs. bituminous, 10 

apparatus, 91, 93 

arrangement of air piping, 133 

as fuel, 43 

ash question, 13 

Bettington boiler, 144 

Blake apparatus, 142 

Bonnot pulverizer, 37; tube mill, 40; capacities of tube 

mills, 41 
busheling furnaces, 105 
care by operators, 45 
cement industry, 62 
class of coal for pulverization, 2, 8 
coal suitable for powdering, 8 
combustion, 42, 82; difference in results from powdered and 

raw, 44 
comparison of costs of fuel-oil, gas and powdered coal, 46 
construction of furnaces for use under boilers, 139 
cost, first, of plant for fuel oil, 3 
for gas, 4 

for powdered coal, screw conveyors, 5 
for powdered coal, air-distributing system, 6 
cost of operating plant with fuel oil, 6 
with gas, 6 

with powdered coal, screw conveyors, 6 
with powdered coal, air-distributing S3rstem, 7 
smnmaries, 7 
See Cement; Coal; Furnaces. 
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Powdered coal aa a fuel — Continued 

cost on liring under boilers, 153 

cost of labor and malDtenance with Raymond crusher, 18 

Day or ideal apparatus, 142 

delivery to fumaec, 132 

difiiculties in operating, 81 

circum^-cntion of these, 81 
Ding "magnetic pulley," 20 
dry vs. wet coal for powdering, 21, 73 
drj-ing, 20, 22 

experiments by the Atlas Portland Cement Co., 62 
explosione, 188. See Explosions, 
feeding and burning, 42 
fuel-oil and gas vx. powdered coal, 1 
fuel ratio and furnace practice In smelting, S3 
furnaces for powdered coal, 49, 139 
General Electric Co., boDer, 147 
grinding ring, 29 
heating funuces, 105 
high vs. low-grade coal, 8 
Holbeck system, 5 
indirect-fiTed rotary drj-er, 23 
Jeffrey pulveriiier, 35 
Jeffrey single-roll crusher, 18 
locomotives run by, 161 

cost of reduction of maintenance and operation, 162 

elimination of smoke, soot, waste products. 161, 162 

equipment, 165 

performance, 173 

mamtcnance of boiler capacities and fire-box temperatures, 
162 

operation, 169 

Ba^'ing in coal, 162 

Bucccwful installatbns, 164 

sustained lx>iler capacities, 163 
' inetaihirpiral furnaces, Hit 

an until b)' American Inm and steel plants, 130 

by Anirrii'jm Locomotive Co., 126 
JElsctricCo., Ill 

I. output, 90 

y, 101 
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Powdered coal as a fuel — Continyed 

metallurgical furnaces, factors contributiiig to profitable use, 
104 
gas V8, powdered coal, 99 
heat treatment, 99 
laws of thermo-chemistry anent oxygen vs. temperature, 

102 
maintenance of heats at will, 122 
moisture, 132 
operator, 101 
production costs dependent upon input, operator, output, 

101 
temperatures in metal work, 103. 
See Metallurgical Furnaces, 
oil V8. powdered coal furnaces, 130 
open-hearth work, 105 
operation, of plant, 2 
Pinther apparatus, 2 
plants using, 2 

preparation for and delivering into furnaces, 18, 107, 132 
puddling furnaces, 105 
pulverization, 132 
pulverizer mill, 27 
aero pulverizer, 36 

Raymond Bros.' impact pulverizer, 30 
table of pulverizers, 34 
raw V8, powdered coal, 44 
reverberatory furnaces, 78 

economical in use, 78 
Ruggles-Coles dryer, 24 
Schwartzkopf apparatus, 142 
smelting (new), process, 80, 93, 96 
summar}', 12 

temperatures attained in combustion, 45 
tendency to clog and pack, 116 
volumes and weights of dry air, 33 
See Coal; Furnaces; Locomotives. 
Preparation of powdered coal, 18 
Price of coal, 1 

Puddling furnaces, 105, 132, 133, 134 
l^illey, Dhig magnetic, 20 
l>ulverizor8, 27, 30, 34, 35, 36, 37 
Pyrites, iron, in ash, 14 
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Raw coal, efficiency cost vs, powdered coal, 1 
Repairs on furnaces, 136 

Screw conveyors va, air-distributing system, 59 
Separation, air, 32 

volumes and weights of dry air, 33 
Separator, magnetic, 20 
Slag and clinker, 16 
Smoke, elimination of, 61, 136 
"Soft clinker," 14 
Storage difficulties, 188 
Sununarics, installation and operating costs of plants using fuel-oil 

gas, powdered coal, 7 

Temperatures: 

attained by combustion of powdered coal, 45 

in cement kilns by Edison System, 71 

maintenance at given amount by use of powdered coal, 122 

ox>'gen V8. laws anent, 102 
in metal work, 103 
Tul^ mills, Bonnot, 41 

Utilization of waste heat, 75, 76 

Volumes and weights of dr>' air (tables), 33 

Washoe Reduction Works, re ix)wdered coal, 93 
Waste heat : 

utilization in cement manufacture, 75 

utilization of that from escaping gases, 76 
Weights and volumes of dry air (tables), 33 
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